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'* It ifl but rarely we have had to review a book in which so n 
sound information is so clearly and compactly stated, or in wl 
there is such an entire absence of all irrelevant matter. Altoget 
we regard Mr. Wilson's Treatise as the best work on boilers w 
has come under our notice." — Engineering. 

"The best Treatise that has ever been published on at 
boilers."— •2!l« Engineer. 

" There is scarcely a page in it that does not contain some 
the proprietor of a steam boiler will find it to his interes 
know." — MecJuinics* Magoxine. 

" The author shows himself to be perfect master of his sub; 
and we heartily recommend all employing steam power to poe 
themselyes of the work."— /ron Trade Circular. 
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ADVERTISEMENT TO THIRD EDITION. 



[fc issuing a Third Edition, the writer begs to state 

^ want of leisure has prevented him from adding 

ih matter, and he takes the opportunity to notify 

kt he will be glad to receive any suggestion or infor- 

ition with a view to increase the usefulness of the 

)rk in case a future edition may be called for. That 

le book is likely to be useful, far beyond the writer's 

tpectations, is testified by the flattering manner in 

dch it has been received by the scientific and 

[tmical press and by many eminent engineers at 

)|'Qe and abroad. 



lb, St. Georgb*8 Terrace, 
Camp Road, 

Leeds, May, 1875. 



PREFACE TO THE FIRST EDITIOM 



Thib book does not pretend to give any new facta ■ 
npcn the subject of which it treats. Any claim to attenti( 
may deaerve ia baaed upon its being an attempt to embody tha 
principleH of boiler conatructiou and management, together with 
numerous opinions collected from the writer's eiperieaoa in 
boiler inspecting, and from varioua sources not accessible to the 
majority of th ae enga ed or otherwise interested in the appli- 
cation of ateam 

Many of thos p n n advanced, which are founded on 
experience may reqmre epeated modification with increased 
opportunit a f b riat n and as new light is brought to 
hear on the an ub qu t ub by further experiments. 

As anything like a complete history of boiler progreefl is 
beyond the scope of such a small work as this, only a slight 
sketch of the salient points has been attempted in the fitat 
chapter. A complete history, accompanied by remarks pointing 
out the defects that have led to the disuse of many inyeutiima 
connected with boiler work, would be of real service to many, 
for, judging by the frequency of the repetition of old defeota, it 
would appear to be even more important to know what to avdd 
tiian what to adopt in designing new boilers. 

It is almost impossible in a work like this to mentian 
authorities for all the information given. Where considered 
necessnry, the authorities have been cited ; hut it may be 
desirable to specially enumerate the following works that have 
been most largely drawn upon for information :— Sir "Vf. 
Fairbaim's " Useful Intormation for Engineers," Pedet's 
"Traits de la Chalenr," Professor Eankine'a "Steam Bn^ne 
and other Prime Movers," Mr. D. Kirkaldy's " Esperiments on 
Wrought Iron and Steel," Mr. B. J. Heed's " Shipbuilding in 
Iron and Steei," and numerous articles in "The Eugiueer," 
"Engineering," and "The Mechanics' Magaziae.' 

Jr^, 1873. 
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A TKEATISE 



ON 



STEAM BOILERS. 



CHAPTER I. 

INTRODUCTORY. 



Thb enonnotis development attained by the system of em- 
ployiug steam is to be ascribed to its commercial success. Only 
^ long as it coutiuues to be regarded as less costly than other 
^ents will steam retain its present position as a motive power, 
^d for the various) purposes in chemical and other manufactures 
to which it is so largely applied. 

Yet there are certain theoretical considerations in connection 
^th the present mode of employing steam, which, regarded iu 
the abstract, clearly indicate that we are by no means justified 
^ concluding that it is the most ecouooiical motive power 
ol>tainable. Many attempts have, in consequence, been made 
^ replace steam as a prime mover, but without success, as there 
^*i found inseparably connected with the employment of all 
^^ber agents certain practical difSculties which have as yet 
?^oved insuperable. 

It is not likely we shall soon see these obstacles overcome ; 
^d even supposing the successful employment of some more 
Stable prime mover were rendered practicable to-morrow, it 
""Oxild be so long before the present arrangements could be re- 
*^aced, that it would still be to our interest to strive to improve 
^t modes of employing the agent we now poaaesa, Mi^ A.o va.- 
^^re in wbiob direction further progreaa in \ta economv^i^X ^^^- 
tion seems to set. 
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3 A TREATISE ON STEAM BOnEBS. 

It 19 long since theoreticul ileductioiifindiciLted tbe eooDomiell 
advaatages to be derived from the use of liigli steam prea<inia8^ 
combined with high gnidea of oKpansioo in the cyliader. The 
practical dMculties that ntood in the way having been gradualljr 
and sucoeBsfally overcame, tbe result has bean the marked 
changeB from the 7-lb. and 10 lb. pressures, go couimoa fortj 
years ago, to tbe pressures of from 70 lbs. to 15Ulb9. at preseut 
employed, and ihe more general employment of the higher pre»- 
BursB will be demanded as tbe advaotages of using bteam espan- 
aively become more generally recognised. 

Oua of the impediments to progress in thia direction is tha 
difficulty of obtaiuiog reliable vessels of sufficient streugth. and 
Himpliaity combined with moderate coat of construction 
maintenance fur generating and coutaining the steam. 

This difficulty can Kcarcely be said to be in a fair way of 
solution, judging from the numerous prodigies boiler engineerillg 
has called inM) existence. It is not intended here to deBoribe 
the boiler of (be future — that cannot be done until experienos 
shall have shonii the advantages and defects of tbe inikiiy hi^ 
pressure tiibulous boiltrs recently introduced, and which ai 
yet only on tlieir trial — but rather to set forth the ptinciplw of 
construction luid management, a knowledge of which is esse 
to the safe and economical employment of the types of boiler at^ 
present chiefly used. 

A steam boiler may be defined as a close vesRel in which 
steam is generated. It may assume an endless variety of foimi^ 
and can be coiistrncted of various materials. 

Boiler ntakiug now holds an important position among tbs 
practical arts. Its progress has been aided ihiefly by the id' 
creased facilities of procuring suitable materialEi, by the improvB- 
ments made in working them, and also by our better acquaint- 
ance with the laws on which the safety and economy of boilei* 
construction and management depend. 

In the early days of the steam engine, vessels of copper and 
cast-iron were used for geueiating the steam in. It is reoordad 
that structures of stone, and even of wood with internal floM 
of copper and iron, were at one time employed. These, how 
ever, were probably not subject to any but atmospiiericprBBB 
The high price of copper mu-t forbid its ever being nsed eshm- ' 
sively, when cheaper materials are to be found. When presaurM 
of Tlba. to IUVm. above the atmoB|)here came into uhb, cbb(- 
iroa was found unreliable and treachviroaft ^ot ttve 'aoilBrs •■ tit 
bat time constructed. It was tKereCoie diacB.tCV(i<i vi^e^H 
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of wrought iron, which was probably uot employed at first in 
consequeuce of the difficulty fouud in working it and in making 
(^team-tight joints. It has, however, of late years become the 
material employed, almost to the entire exclusion of all others. 

Now that steel has been introduced for boiler making, we can 
not look forward to any further progress in the direction of 
obtaining a stronger material. Any effort to increase the 
Btrength of boilers should therefore be aimed at improving their 
shape and the disposal of material This has been done con- 
spicuously in the case of the various spherical, tubulous, and 
other so-called "unit," <* segmental," or *' aeotional " boilers 
recently introduced. 

The variety of shapes in which boilers are made, and in tlit; 
attainment of which much ingenuity has been exercised, is due 
to the various ends they have been designed to meet. Amon;^ 
these may be mentioned strength, durability, smallness of bulk 
&nd weight, saving of labour and material, greater extent and 
efficiency of heating surface, improvement of circulation, preven- 
tion of smoke, economy of fuel, facility of examination, clean- 
ing, and repairs. 

A very early form of steam boiler was made spherical, of 

Ciist-iron, with the fire underneath. 

^Owing to its limited heating surface, it was soon replaced 

^ vessels more favourable in this respect. A cylinder with 

. ^t bottom and curved top, having encircling flues, was soon 

Mopted. To increase the strength of the bottom, it was found 

Necessary to arch it inwards. With a view of obtaining still 

ixiore heating surface, the vertical cylinder, in its turn, gave 

^»y to the horizontal oblong boiler. When wrought iron came 

Uito use, larger dimensions than had hitherto been employed 

Were ventured upon, and the " Wagon " boiler first made by 

Watt, and so much in vogue, especially in Lancashire, thirty 

years ago, was at length produced. After passing through 

^ariouB modifications of form, designed with a view to increase 

tile strength and amount of heating surface, this type is now 

^rely to be met with. Its tendency to change of shape, even V 

^ spite of elaborate staying, renders it unfit for the pressures 

^ow commonly employed. 

With inclined sides and hemispherical top, the old vertical 
^lindrical boiler developed into the " Haystack," or " Bal- 
U^n" boiler, of wrought-iron. This shape eujo^^A. «^\cya^x\\w^ 
^9kd manj Bpedmens are still to be found in lYi© ^Uilox^Avw^ 
^iatnct, Bome of them as large as 20 feet in diam^lex. 



Owing to tba want of heating Burfaoe, and liability to gil 
way at the bottom, theae boilers are diaappearing before thi 
of the present smaller cyliiidrical type, which, on account 
their gtrcligtb, are uow mostly empIoyeJ, 
■''Tbe simplest is that of tha horizontal, eiternally- fired dl 
with Sat or cambered, but most commonly with bemispheiict 
ends, called the "Egg-end" boiler. To increaae the extent i 
heatiug surface, without adding to the bulk of the boiler, ti 
internal flue was iutroductd, through which the hot gMi 
pa'suU on their way to the chimncy.J 
V' In ordcv to economise fuel, the fire was at last pLLced 
the tube, giving us the " Cornish" boiler, its name being take 
from the diiitiict where it was first mainly employed, lit 
sequence of the weakoeiiH of the large diameter of the ai 
inttmal flue, when a large grate area was required, two 
tubes iuntead of one were adopted, wliich gives us tha "] 
caabire" boiler. 

f'Nuinerous mudificationn of thesie two types are to be fonn 
There is the " Breeohea-flued " boiler, having the two fitmai 
tubes oombiuiug into one long tube behind the briilge. T 
veuk furoi of the combuation chamber or neck ntiitiug t 
double Airuace tubes with tbe niiigle Bue tube, which, howevi 
a<imit$ of being strengthened, has been the source of fioqaa 
liisftsters. Thin defect, although not incurable, along witi t 
dimiuished he.iting surface of the single tube, has lad to £ 
-iisuse of this boiler. There is also the " Butterly " bcSn 
with oiroular, or elliptical, internal flue. The concave ardl 
the &out »iid, which was introduced to obtain a larger tu 
nace, is of very weak shape, and renders this boiler unav' 
able for high pressures. It is consequently passing ont 
date. ) 

N Another deaoription is the multitubular boiler. The nnml 
of small tubes are introduced to gaiu more heating 
The weak point of some specimens of this class is the oombi 
lion chamber, which requires strengthening hy water tubes 
other aaana. J) 

lu order to increase the amount of heating surface li 
the strength of the large internal flue tubes, as well h 
improve the circulation of the water, small transverse inb 
tubes have been added to the main tubes. The most 
example of this modification of the "Lancashire" ia 
"Galloway" fcoiiej','which Las long Eovitil iii.\<ivn Vv'iii 
"era. Tha weat eJJiplical tube, w\ien Ua Iotiq. \ 
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irregular, can be adequately strengthened by the vertical 
conical water tubes, aud the whole made capable of sustaining 
as great a pressure as any of the internally- fired class euuiue- 
rated. 

It must, however, not be forgotten that the advantages just 
mentione<l are gaiued by the sacrifice of simplicity, and 
they increase the difficulty of examiuatiou, cleaning, and 
repairs. 

The "French or Elephant" boiler, with its two " bouilLjurs " 
or heaters below connected by water tubes to the main shell 
above, though much used in France, has not couie greatly into 
use in this country. 

The various forms of vertical boilers with chimneys or flues 
passing through the steam space, may be described as modifi- 
cations of the ** Cornish" type placed on end. By altering 
the posture, however, many properties of the boiler are mate- 
rially affected. 

The vertical is the most protean of all the types of boilers, 
and, as a rule, the most wasteful of fuel. At the same time, 
their convenient shape renders them an invaluable adjunct to 
many branches of industry. 

The "Rastrick" boiler, used extensively at iron works, 
is a vertical .cylindrical boiler of large diameter, with one 
central longitudinal flue tube, communicating with two or mere 
horizontal tubes through which the gases from the furnaces 
in connection pass to the central tube on ihAv way to the 
chimney. 

The ** Locomotive" type is much used where little space is 
available, and, when the flat surfaces of the firebox are pro- 
perly stayed, it can be made a very servicable aud reliable 
boiler for high pressures and rapid generation of steam. 

Some of the above-mentioned boilers have circulating and heat- 
ing tubes added, such as Field's, Gadsby's and others, which 
add greatly to their steaming power, especially when new, and 
also, it must be admitted, to their complication. 

Besides these cylindrical boilers, which are more or less of a 
simple type, there are the various kinds of so-called tubuloua 
boilers now coming rapidly into use. These are, for the most 
part, modifications of the type first introduc^-d by Woolf, con- 
Histing of numerous pipes, in which the steam is generate<l, 
communicating with a receiver above, in which it accumu- 
lates. The ohjecc nimtd at in these boiV rn \a «^A^vi\,^ ^to^si ^v^- 
astrous explosions aud ecoaomy of {uei\. ¥ot n^x^ Vv^ 
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pressures, some arrangement of this description will dc 
come largely into future use, but at present the design o 
than one type appears to be in a transition state, and 
very ugly, though not fatal, explosions have already o 
with some of these so-called inexplodable boilers. 



CHAPTER 11. 

STRENGKl'H OP CYLINDER, SPHERE, AND FLAT SURPACfiS. 

In analysing the various forms of boiler shel's, they are found 
to resolve themselves into the cylin<ier, oval, sphere, cambered 
aud flat surfaces. 

THE CYLINDER. 

According to the well known law of hydrostatics, the pres- 
sure of steam in a dose vessel is exerted equally in all 
directions. In acting against the circumference of a cylinder, 
the pressure must therefore he n^garded as radiating from 
the axis, and exerting a uniform tensional strain through- 
out the enclosing material. Its tendency to cause lon^i- 
tudiual rupture, or to rend the cyliiider in lines parallel 
U) its axis, may be considered as a force acting and react- 
ng in opposite directions to divide the cylinder in two. 
Is it must be exerted on equal areas in order that the action 
bud reaction may be equal, this divellant force may be cou< 
idered as the pressure exerted on the semi-circumference, and 
ending to rupture tbe cylinder in a plane drawn through the 
iiameter. It fijllows, however, from the pressure acting 
qually in all directions, that the whole amount exerted on the 
emi-circuraference is not equally effective in producing strain 
>erpendicular to the diameter through which the cylinder may 
>e assumed to rend. 

If we examine the force tending to cause rupture throut];h 
he horizontal diameter A B. (fig. 1), we shall tind the prts- 
,ure is exerted directly upwards and downwards only along the 
vertical diameter CD. As we recede right and left from this 
ine, the pressure is exerted diagonally with diminishing verti- 
cal eflfect, to produce tension at A. and B., w\\\a\ \\i N^^iv-Vvi^^ 
\2tugether when we reach these poiuta. T\ivi t>^.*y\«X \|\viJ*iejv\\vi 
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at any point may be resolved into two forces, the one 
vertical and the other horizontal. It is evident the 
latter has no teusional effect at A B. By" taking the com- 
ponent vertical forces at an infinite number of points in the 
semi-circumference, it can be proved that their sum is equal 
to the full pressure exerted on a line equal in length to the 

diameter. 

We may consider the cylinder as composed of a numb^ of 
rings of a unit's length, say l", placed side by side, each of 
which resists the pressure indeperdently of the rest. 

Let A C B D represent such a ring, and let P = pressure 
per square inch ; x y, a very small p<irtion of the circumference, 

and a the angle it makes 
Fig. 1. with A B. The pressure ex- 

erted upon X y, along the 
radius which passes through 
its centre, will be P X x y. 
If we decompose this force, 
the vertical compouent will 
be represented by P X » V 
~^^ X cosin. a ; but x t/ X cos- 
o is equal to the projection 
6 6 of the arc x i/ on the 
diameter A B. The vertical 
component will then be equal 
to P xhh^ and the sum of 
all the vertical components 
will be P X A B. 

Hence the force tending to rupture the cylinder longitudinally 
is represented by multiplyin<( the diameter by the pressure on 
each unit of surface. As this applies only to a cylinder of a 
unit's length, it is evideut that the total amount of force 
tending to divide the cylinder in lines parallel to its axis is 
found by multiplying the above product by the length of the 
cylinder. The practical truth of this has been proved by 
experiment. 

The retaining force opposed to this pressure is evidently the 
resistance of the material at the two opposite sides which bear 
the strain. 

The manner in which the strain is borne by the material 

depends greatly on its thickness. When this is considerable, 

comj)ared with the diameter, as in hydraulic presses and 

cannon, the iuuar layavs of hho niatcnaX aie vnotva ^^n^x^I^ 
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taxed than those on the outside. This difference may be so 
great that the latter render no material assistance to the 
former. If we take two straight bars of the same material nun 
section, but of different lengths, and submit thetn to the sane 
tensile strain, they will be stretched, within certain limits, in 
proportion to their length. Suppose a bar 1 foot long is 
stretched ^ inch by a given weight, then a similar bar 10 feet 
long would be elongated 1 inch by a similnr weight, the exten- 
sion being simply a factor of the length.* In a cylinder, say 
of 3 inches diameter and 2| inches thick, we may consider the 
thickness as divided into ^-inch layers. The inner layer will 
have a mean length of about 11 inches, whilst the outer one 
*ill be about 23^ inches long. Suppose the material ju>t 
capable of bearing an elongation, of -2%- inch per foot, then the 
inside layer would be damaged by an internal force that wouM 
expand the cylinder -J^ inch in diameter, whilst the outsi-ie 
layer would be stretched only to about one-half its tens^ilo 
limit, being twice as long as the other. From this it may be 
seen how any increase in thickness beyond a certain degree 
may not add to the strength of the cylinder. The thickness of 
boiler shells and tubers is, however, so small compared with 
their diameter, that the tension from the radial pressure may 
be regarded as being uniformly distributed throughout the 
material, the whole section thus acting together to resist the 
Btrain, 

The strength of the cylinder to resist transverse pref^sure is 
therefore proportionate to the thickness, and is represented by 
the tenacity or tensile strength of the maitTial multiplie I by 
the section on both sides, or twice the thickness multiplied by 
the length. 

At the moment of rupture, this retaining force is equal to 
the bursting pressure. 

Representing the pressure in lbs. per 8(][uare inch by T, • 
the diameter in inches by D, the length by L, the thickness of 

• From the results of some tests of wronght-iron bars, Sir W. 
Fairbairn erroneously deduces a rule which makes it appear that the 
rate of elongation increases with the deei*ease of length. On approaching 
the breaking strain, a bar of good iron of unifwrn section always draws 
out considerably at and rear the point of fracture. The amount of this 
lo(»l elongation, provided it be free to act, is independent of the length of 
the bar, and consequently, the ratio it bears to the total length increases 
as the, length of the bar decreases. This fact has evidently been over- 
looked,' and is apparent]/ the cause of the erroi wVAciVi Vaa Vfev\ sj^wax-^^M 
aofepted until indicated by Mr, Kirkaldy. 
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the material iu inclies by T, and its tensile streugth b; c 
hafe at the point of rupture 

PDL^ZTLc. 



e siipprfsaed, an.i tlia equation atanila — 
P D = 2 T c. 



In calaulatitig the stTeiigtli, it in usunl to coueider the length 
as unity. The correctness of thia is here shown, the extnt 
preEBure due to increased length being balanced by a propor- 
tionate incrensa of oatiirial. 

A.ltbough the length doeEi not atfect the strength of a cylin 
drical boiler with reapect to the action nf the internal presaara 
per ae, we ehall afterwurdH find that the length is an important 
condition when the expatisioa and coutractiun of the boiler c 
its seating are regarded as elements of irealtness, 

From the roregoiug consiJerattonH, it in obvious that tha 
strength of a cylindrical boiler to resist longitudinal rupture 
direct ratio to the thickness and tenacity of the material, anif 
inversely as the diameteT ami the pressure. Sjii'aking theorsti- 
catly, and asaumiug tha material of a cyliador t'l he of peifeotty 
uniform strength throughout, it would bu iiiiiforuily streitched, 
and its diameter increased by sufiicient presaurc. Un reacfainjl 
the bursting point it should ^ve way all round its circumfersnoe 
at the aame instant — in fact, be " blown to atoms." 
this ai^iment is entirely hypothetical. In ptattice there ua 
always one or more lines of less reai->tance through Hhicfa tha 
■fractures pass, leaving the rest of the matei'ial comparatively 

The tendency of the uniform radial pressure is to maintaiu 
the perfect circularity of the cylinder and to reature this fonn 
when it ia departed from, Should the cylinder be aomewhat 
oval, tha two opposite sides at the extremities of the minor 
Btis, having a greater preisaiire against them, nill have f 
tendency to bulge outwards until their resistiinoe becomes equal 
to that of the rest of the ciroiimference. 
Tbia eqiiitibriam of pressure and lesiatance can only be main" ' 
iaiiied vhea the circumfereuoe is puitBcAj catuiui. 
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In a shell of wrought iron, the perfect circularity cannot be 
obtained when the plates overlap longitudinally. In this case 
the deviation from the accurate circle is usually but trifling, and 
the weakness caused by the lap is rather to be attributed to the 
unequal distribution of the strain through the plates at the 
joint, than to the deviation from the circular form. 

In a cylinder made with flat ends, the strength imparted by 
these renders it less liable to stretch at the extremities than at 
mid-length. Such a cylinder has thus a tendency, under in- 
ternal pressure, to assume the form of a barrel. 

Assuming the material to be sufficiently pliable, like india- 
rubber, and able to bear sufficient stretching, the sides would be 
further curved, and the spherical form be eventually attained by 
sufficiently increasing the pressure. 

In very short cylinders, the ends play an important part in 
increasing the resistance to bursting longitudinally ; and where 
the length does not exceed the diameter, the strength approaches 
that of a sphere. In practice, however, local weakness ari«*ing 
from various causes — such as corrosion of plates and rivet heads, 
tiaws, <fec — may lead to failure, against which the aid from the 
ends caijnot be counted upon. 

Again, in oval shaped boilers, the end plates assist materially 
in maintaining the shape against the tendency to become 
circular under internal pressure. Since the aid lent by the ends 
diminishes as the distance from these increases, an oval boiler is 
most liable to change of form at mid length. 

In consequence of their tendency to alteration of shape under 
pressure, it is almost impossible to give any rules for the strength 
of elliptical boilers, as their resistance varies with every change 
of shape, according to very complicated laws. 

We have now to consider the strength of a cylinder to resist 
bursting in a plane perpendicular to its axis. The force tending 
to divide it transversely by separating two contiguoun rings is 
evidently the amount of pressure exerted against the two ends 
which may be represented by the area of the cylinder multi- 
tiplied by the pressure per square unit of surface, or 

P X , 

4 

The resistance opposed by the cylindeT t(> \k\& \oTi^\.>\^vK^ 
force ia measured by the tenacity of \i\ie iQa.W\A ^\A ^<^ 
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amount brought into play to withstand the pressure. This is 
evidently the whole circular section of the cyliuder, and a«» the 
strain acts directly, the whole tensile resistance of the material 
is exerted. The strength is therefore expressed by the area 
of the annular section multiplied by the tenacity of the material, 
or TT T (T + D) c, when rupture is about to take place the 
bursting force and resistance are equal, therefore, 



D- 



- = 7rT(T + D)c, 



^T'-Hi^^h 



T 
neglecting — , which is usually small, we get 



As the formula for the longitudinal strength is 

T = ^_^- 

2c * 

on comparing these two formulse we see that with the same 
internal pressure, diameter, and thickness of shell, a cylindrical 
boiler is twice as strong transversely as longitudinally. 

It must not, however, be concluded from this that a cyhn- 
drical boiler is always more liable to burst from longitudinal 
than from transverse weakness. Many explosions occur from 
the latter source, the cause of which we shall consider fully 
when treating of the wear and tear of boilers. 

It may be here observed that in most experiments on the 
tenacity of metals, the material is not subjected to any lateral 
(•train, whereas in a cylinder under internal pressure the metal 
is strained both longitudinally and transversely at the "same 
time. The question then arises whether this circumstance has 
any influence on the strength of the material, and whether we 
are Justitied in taking the direct tensile atien^tb. in. calculating 
i^e realstAnce of a cylinder. This queatVoii \kvia» \Qnft%\>vt«u ^\. 
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at rest by the direct experiments of Navier on wrought-iron 
spheres, as well as by long experience with boilers at work, 
which show couclusively that the strength of the mutal is not 
affected when it is strained simultaneously iu all directioDS, 
aud the resistance is the same as when the stretcLiug is ex- 
erted iu one direction only. 

A table of the strength of wrought-iron boiler shells of dif- 
ferent dimensions is given at page 311. 

A cylinder or tube iu resisting external fluid pressure may 
be considered as an arch. As the pressure is exerted equally 
all round the circumfereoce, the figure, in order to resist it 
uniformly, should be similar to itself all rovmd, and therefore 
a circle. Speaking theoretically, if the circular form be per- 
fect, and the resistance of the material quite uniform through- 
out, the tendency of the press^ure will be to diminish the dia- 
meter by compression. On its compressive strength being ex- 
ceeded, it will depend on the nature of the material aud other 
conditions, whether the thickness of the cylinder will increa-o 
in proportion as the diameter is diminished, or whether the 
material will also be forced out at right angles to the pres- 
sure against it, thus lengthening the cylinder. 

The force against any two opposite sides tending to close 
them together by forcing out the rest of the circumference at 
right angles will be exactly balanced by the resisting force ex- 
erted here, and the whole pressure and resistance will be iu 
equilibrio at all points of the circumference. 

Should, however, the figure and material of the cylinder not 
be perfect, which is always the case in practice, and more espe- 
cially in tubes of considerable diameter compared with the 
thickness, the equilibrium is destroyed, and the tendency of 
external pressure is to aggravate any deviation from the circular 
form and consequently to cause collapse by excessive pressure. 
The collapsed cylinder may assume various shapes, depending 
upon the original form and want of uniformity of strength in 
the material. 

It has been shown that the strength of a cylinder to resist 
internal pressure was not aftected by its length, when we disre- 
gard the extra strength imparted by the ends. But it is other- 
wise with a cylinder exposed to external pressure, its power of 
resistance being materhilly influenced by its length. 

The important part played by the length of a cylinder in re- 
8i>4tiu^ external pressure is not generaWj \xu^et^\.^Q^\\xi^^^\.^ 
iDtil a few years ago, it was altogether \Mi^8LIiO\«li^ wi^^^s* ov^^ 
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a'M:?rtaiDed bj expcriiiieut. VVhen we bear in mind that the I 
tcnileiicy of intotijail prcsaure is to rectify auj duviutloii frvul | 
tha circular form, whereas exterunl pressure tcuJa to agj^mTiita i 
any diitortioD, it can be clearly seen where the uualogy of the 
two cases fulls in coiisideriiig the effect of the length upon the 
power of resistnnce. Were the cylinder nnder external prefi- 
Bnra tiieoretically uniform both with respect to material and 
stmpe, the lenLjth would not affect its power of resiRtance if we 
disregard any additioaal strength lent by end attachments, which, 
however, in this case wonld exercise only a Umited influence. 
Such a theoretirnl cylinder is self supportiug with respect to the 
pressure. But on the leiu^t departure from the shape on which 
this aelf-snppofting principle depends, it in evident that the as- 
Fiatance of the end attachment is very material in moiutaiuing 
the form of the tube. 

The value of thk asidstnuoe will decrease as the ttistaiice 
from the ends increases. Hence the siirfnce of au irregular 
cyliuder or oval tul'e way be regarded as a beam snpportad at ' 
both ends, having tbi load uniruniily 'li^trihutud. The strength 
of the tube niu-t therefore be dependent on the laws which 
Bovern the itrength of beams. Any stiip of a unit's width 
taken for estimating the strength must, however, be regarded m 
a beam of iinilefiued section, in con^ieqiieiice of the strength I 
imparted hy tbe arched form, and the material ou either side. ' 

The nde usimlly employed for the strength of crlindiical j 
tubes, subject to external pressure, is deduced from the results 
of a valuable EHrif>i of experiments conducted by Sir W. Fair- 
bairn, and given in Hba second series of hi>} " Useful Iufonii»rti 
tioufor Eujjiueerri," It is as follows ;~> ^^^H 

P = 800,300 X — " (1) ^^1 

a convenient modiScation being ^^^H 

P.33-eixii^->^ (2) ^1 

Fur facility of calculation it may be written, ^^^^| 

Log. P^l-5265 + 2-19 1og. lOOfc — lo^. L Oi^^H 

Here P := eollapsiug pressure per xqiinre ii.cb. ^^^^H 

Ic - thickneGs of tuhe in inches. ^^^^| 

L = }rt,^th of tube in fee). ^^^^| 

~ =(/innieter of tube in iiicbea. ^^^^H 
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= 0-25027. 






.9x219 


= 0-28364. 



(K ^ 2 19 
_J =0-35725. 



hsteail of the 2 '19 power, the square oi tVe >^v?iL\i«Wi \s 
\l/jr taJten as being 6ufficieuily ooxrec^ iot v^rasMv:^, ^\^' 
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it may be remarked, gives a higher collapsing pressure, the 
thickness being always in fractions of an inch f.r boiler tubes. 
For ordinary lap-jointed tubes, the square of the thic-.ness gives 
a result nearer the collapsing pressure, found by experience with 
boilers in use. It must, however, be observed that the experi- 
ments referred to were made with tubes of a length not ex- 
ceeding 15 diameters. Theoretically speaking, when this pro- 
portion of length to diameter is exceeded, the collapsing pres- 
sure given by the rule is too high. This objection applies, 
practically, to smnll solid-rolled wrought-iron and brass tubes. 
But when the tubes are made up of courses of plates, the 
lap or butt joints at the ring seams become an element of 
strength, the tube being virtually divided by these into so many 
short lengths. These transverse joints only require to be made 
sufficiently strong, in order to render the distance between them 
the actual length by which the collapsing strength is to be 
measured. The most important result of this fact is the poWer 
it gives us of reducing the thickness of the plates, without 
diminishing the diameter or total length of the tube. 

Bearing in mind that the strength is impaired by any devia- 
tion from the true circle, it is obvious that the employment of 
the lap joint for the longitudinal seams must have an injurious 
effect on the resisting power of a tube. 

In the experiments referred to, two tubes were tested, 37 inches 
long, 9" diameter, and J" thick, one having single riveted lap 
joints, and the other butt joints, with a single strip at the longitu- 
dinal seams. The results showed a loss of more than one third - 
in strength of the former, as compared with the latter, the ratio 
being 7 : 10 nearly. We then see how seriously the collapsing 
strength of even a short tube, only four times the diameter in 
length, is impaired by a departure of ^^jth of the diameter from 
the circular form, and the necessity of welding or butting the 
plates when great strength is required. In practice, however, 
the longitudinal seams of furnace tubes are usually arranged to 
break joint in successive courses of plates. This arrangement, 
together with the increase of strength due to the lap at the ring 
seams, appears from experience to bring the collapsing strength 
fully up to that given by the formula, 

p ^ 806,300 T^ .gx 

in cases where the circularity is not dep\Tl%\ Itom V> ^ ^^>\«it 
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eitent than twice the thickness of the plates oomposiiig the 

tube. 

When the plates are arranged so that their length in a IcD.^i- 
tndinal direction is short and the longitniJinal fleams br^raic 

[jomt, the weakness of the irregular cyliuder is not »> like'.j Vj 
be in line, and the tube is therefore f-troni^er than when thr: 
plates are narrow and arranged lengthwise aion^ the tube ^ith 
the seams in line from end to end. For this rejkion the latter 
arrangement should not be employed unless the tube Li.<» a 
large margin of strength, and in such a ca^ it is better in cd- 
cnlating the collapsing pressure to use the 2*19 power of tLc 
thickness of plate. 

The difficulty of maintaining the cylindrical form increases 
with the diminution of the ratio which the diameter of tLe t-i'-.e 
bears to the thickness. This is not taken into account in tie 
formula ; but experience proves that it U'-ed not be re^'ar•it:'i 
when the diameter does not exceed 150 times the thicknr«.«. 

lu order to show that the rule for the strength de*Juce»i from 
his experiments on tubes of limited size holds goo<i tor iu':jnh <>f 
greater length and diameter, Fairbaim records some ex^<eri- 
ments on a large scale with two boilers 35 feet and 25 fee: Ion.', 
the tubes beibg in both cases 3' 6* dia^neter, and comp-o.^^i of 
, J plates. The 35-foot tube collapsed with 97lJ«., ar..i t:.e 
25-foot tube with 1 27 lbs. per square inch. By formula ( 1 , 
these pressures should have been respectively G-4ibs. aL-i 
89 lbs. By using the square of the thickness as in formula Cij, 
these figures would stand 78 lbs. and 109 Ibn., which Acc^jvin 
more closely with the results of the experiments. 

In actual work, the form of a horiz^mtal furnace tu^^ is 
probably somewhat dLntorted by the heat, which Is g^fe?l^ r o.i 
the top than on the bottouL The effect of expar.hi'^n by h^ixt 
on a loaded arch resting on its abutments will be to ii.cre^-^ !'•» 
height ; but it will depend upon the original shiii>e of an orai- 
nary cylindrical tube pressed externally all roun<i its circi/i- 
ference, whether the effect of the heat acting on itA croAn wiil 
causae an increase of diameter vertically or iioriz^^ntally. Tbo- 
application of heat to the flattened crown of a kVi'^htly oval 
furnace tube would tend to restore the cir.ular fo'-ni w*ii*: th*? 
tube not under pressure. But the effect will be niUiTfA m li- 1' 
it is pressed all round, llie heat will now farther aid tli'j 
|)ressure to increase the distortion by forciu'^ out tU*'. irid*>.. 
Should, on tbts other hand, the flatne*s be \u t\v*t vVV*-*^ ^'^^^"^ 
be^t wUl tend Htill farther to iucrea-e tbe W\^M »»l iV' ^v*»^v^ 
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and BO again add to the distortion. The qneBtion tlutti ■ 

whether the direction of the elliptical forni has acy inflnl 

the BtreDgth of a horieontal furnace tube. There can b 

doubt that the tube is considerably weaker when tha 41 

diameter is vertical than whpu it ie lateral, probably o 

the fact, that the roBistanuH to lougitudiual exi>aLiBi 

the eud plattH toudx to flaltea the crown, at thH bi 

heat renders the platea most pliable and Hiisceptihle tu d 

fluence of the pre^RurH when the crown is fiiktteued. In ai 

to thia, the pressure due to the displacement of t 

being greatest on the under side, its efiecta will be mora ttUt 

when the tube is flattened vertiojilly, than when the flattening 

occors laterally. 

In elliptical tubea the reeiKtance to flattening varies inversely 
RB the largest radius of the curvature. The weaknesB of BDCh 
tubes was clearly shown in Fairbatrn's esperiments. A. talM 
14" X lOi' diameter, o feet long and | inch thick, o 
with 6'61bi. pressure, auotlior tube 20^ inch x Ir^ inch 
diameter, 5feet 1 inch long aud i inch thick collapsed at 127^ lbs. 
per sc|aaTe inch. Thet^e results show that the general formulft 
applies sufGciently correctly to elliptical tubes by subxtitatiliK 
for B the dinmeter of the larger circle of curvature in the tab^ 
or D = - — where L and S are respectively the major and minoi 

axes of the ellipse. 

The comparative weaknesB of cyliudiical tubes under e 
temal pressure will be seen from what has been stated above, 
' and the forniulie given are sufticiiint data to enalilo ub to find 
au expreseion for the maxiinum len^h of a cylindrical tube 
hasiug a collapsing Btronath equal to the bursting strength of 
any given diameter of boiler. 

Taking the strength of a single riveted joint as 2<i,340 lin. , 
= c 1 p ^ internal or bur3.tiug pressure ; K = tbicknetB ; 
D =: diameter and inches ; L = length in feet, we have 



= external or collapeiog prtsa 
p _ 806.300 X 
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CSallmg R the ratio of boiler tabe diameter to shell diameter, 
we get, 

L 



^ 

P~ 15-3 xK 

when P = I?, we have 



X R 



L = 



15-3 X K 

• • 

R 



Taking a Cornish boiler of f plates, having a tube one-half the 
diameter of shell : 

L = 15-3 X -375 X 2 = 11-47 feet. 

Thus we see that the boiler in this case should -^ot exceed 
lljfeet in length to be equally strong in shell and tube. As 
the former will not be impaired by lengthening, we have only to 
make the latter in 1 1^ feet lengths, in order to preserve an 
equality of strength in tube and shell, having their diameters 
in the ratio of 1 : 2, whatever length the boiler may be. 
A table of collapsing pressures is given on page 314. 



THE SPHERE. 

From what has already been stated concerning the action of 
steam pressure in a close vessel, it will readily be seen that in 
order to resist the pressure throughout its whole surface in an 
equal manner, the containing vessel must be similar to itself iti 
all its parts. This property is possessed only by the sphere, 
which renders it the best of all forms for iesi>ting iuternal 
pressure. 

To the sphere also belongs the property of containing thti 
greatest volume within a given amount of surface, and owing to 
this the internal fluid pressure tends to make any containing 
surface assume the spherical form. 

By employing a modification of the reasoning we used in 
demonstrating that the internal pressure tending to rupture a 
cylinder in lines parallel to its axis is to be measured by the 
diameter, and not by the semi- circumference of tbe cylinder, 
we should 5nd that the internal pressure te\\dft ^.0 \>\\\^\. *ev» 
sphere through the largest plane we can draw tViiow^v Vt, ^\A\^ 
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to be measured by the area of its diameter, and not by that of 
the hemisphere. The divellent force can therefore be repre- 
Bented by the formula, 

P X . 



The resistance opposed to this force is that due to the tensile 
strength of the material multiplied by the area of its sectiou 
in the circumfereuce of the sphere and can be ezpreflsed by 

ff T (T + D) c ; 

when rupture is about to take place these two formulae must be 
equal, therefore 

^ -zzwT{T + D)c, 



whence we get, as at page 12 




T = 


PD 

4c' 



the same expression that we obtained for the transverse strength 
of a cylinder. The sphere therefore is twice as strong as a 
cylinder of the same thickness and diameter is longitudinally. 

The relative strengths of the sphere and cylinder may be con- 
( sidered in another manner : — taking the diameter of a sphere as 
unity, its circumference is 3*14159, and area 0*7854. A 
cylinder of the same diameter and equal sectional area must be 
'7854 long. The sum of the two sides is, therefore, 1'5708, 
or half the circumference of the sphere, and therefore only 
half as strong. This, of course, leaves out of consideration the 
strength imparted by the ends which, however, cannot be 
counted upon when the cylinder is long in proportion to the 
diameter 

In a cylindrical boiler of uniform thickness throughout, with 
hemispherical ends, the strength of these, being portions of a 
sphere of the same diameter as the boiler, is evidently ec^ual to 
that of a cylinder of equal diameter to resist transverse rupture, 
and twice as great as the strength in a longitudinal direction. 
/i JH clear, then, that the ends of t\\i'^ ^oxro. vvc^ -vwiw^^^^^vvrily 
sti oner compared ^i^)^ ^\^q cylindrical poY\.\oii ol \.\i^ \i^^«t \xv\\& 



; 
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power to resist longitudinal rupture, by which the strength of 
the boiler is measured. 

By making the ends cambered to a radius equal to the 
diameter of the cylinder, their strength will be ei^uad to that of 

J the shell) as they will then be portions of a sphere having a 
diameter double that of the cylindrical barrel By this means 
we employ the least amount of material consistent with ade- 
quate strength. 

In diminishing the camber of the ends, the amount of 
material to resist being torn asunder decreases less rapidly 
than the tensile force exerted upon it. The tensile strength of 
the ends is therefore increased by flattening, although their 
F resistance to bulging is reduced. Their eflBciency in strengthen- 
ing the cylindrical portion of the barrel will be farther increased 
as the amount of camber is reduced. But as the cylinder 
should be sufficiently strong of itself, the ends are not required 
to aid it, and should be designed simply with a view to resist 
bulging outwards by the pressure. 

The manner in which a cambered end plate resists bulging 
is, perhaps, best understood by regar<ling it as a portion of the 
sphere to which it belongs. The radial pressure in this case 
tends to maintain the form of the segment as well as if it were 
a whole sphere, and the plate will fail by bulging only on ex- 
ceeding what would be the tensile strength of the material in 
the sphere. The amount of pressure sufficient to accomplish 
this may be safely taken as that which would burst the sphere 
of which the segment forms a part. It follows, therefore, that 
the relative strengths of a dished or cambered end and a 
cylindrical barrel are found by comparing the radius of the 
camber with the diameter of the cylinder. 

The sphere possesses one property for a boiler, and likewise 
also the cylinder, yet in a less degree, not often noticed, but the 
value of which cannot be over estimated, viz., the facility with 
which it expands on the application of heat to one portion of 
the surface, and with which it accommodates itself alike to the 
heat and the pressure without throwing any severe thrust or 
strain to cause leakage or fracture on the surrounding parts 
that may be comparatively cooL 

FLAT SURFACES. 

Advantage ia usually taken of the selC-STippoTWii^ Y^o^^xX*-^ 
of the cylinder and sphere in constructing pax\& ol \i^^«t' 
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having tbeie forms, which euables thsm in most Cftwa to be 
made sufficiently stroug, irithout the aid of stays, ties, of 
other support. But the absence of this aelf-HUBtoiiiiiig pii>- 
pert; iu Qab surfaces neceaaitates their being strengthened bj 
stays OT other meana. 

Even whi^re a flat or slightly dished Burfaoe poi 
dent strength to resist actu*! rnpture, it is yet, genendly 
Kpeaking, necessary to apply stays, to provide agaiost undus 
ileflection or distortion, which is liable to take plac 
convenient degree, or to reiialt in grooving long beforq the 
strength of the plates or their attachmeiits is seriously taxed. 

The theoretical investigation of the strength of plane eac- 
face^, such as tlia flat end of a. cylinder, is attended with cm- 
siderable difficulty, aud cannot be satisfactorily pursaed with- 
out the aid of the higher mathematics. 

The formula given by Professor Raiikine for the strengUi pE 
a flat circular plate of the diameter D, and supported all roiind 
the edge with the load uniformly distributed, is equivalent to 
the following expression, where 

P - Bursting pressure per square inch iu Iba,, 
D ~ diameter of cyUnder in inches, 
( = thickness of end plate in irichea, 
c - breaking weight of tba material in lbs., 

P D5 irD cD f- 



v/ix 



I 



Now, taking T as the thickness of the cylinder that r 
longitudinal rupture under the same oonditiona of pressure s 
the flat and plate, we had aboire, 



Therefore t = -^ -- x T, 
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>r a tensile and a cross breaking strain, which we can isafely do 
I such a case as we are cousideriug. 
The last formula shows the monstrous thickness it would be 
dquired to give the unstayed flat end of a cylindrical boiler 
1 order to make it equally strong with the shelL For a boiler 
•nly 3 feet diameter and of f plates, single riveted, the soli<l 
ind plate would require to be about 2" thick to comply with 
his condition. It is obvious, therefore, that for boilers of 
ordinary diameter, the flat ends, if of moderate thickness, require 
to be well strengthened by stays or ribs. 

When longitudinal tie rods are employed as stays, the L or 
T irons securing them to the end plat-es are usually arranged 
horizontally. Gusset stays are usually arranged in planes 
radiating from the axis of the boiler. The best arrangement 
for T iron stifiening ribs will depend upon the design of the 
boiler. Each series of longitudinal stays bears the pressure 
against a rectangular portion of the flat end, and each gusset 
stay sustains the pressure against a sector of the circular area. 

The fiat surface between two series of stays may be considered 
as a rectangular beam, fixed at the ends, and uniformly loaded, 
and its strength calculated accordingly, the tendency of the pres- 
sure being to split the plate up the middle between the stays. 

If we disregard the strength imparted by the end attach- 
iDents, we may employ the usual formula for the strength of 
*uch beams, as follows : — 

Where w = distributed breaking weight, 

{ = width of plate between side supports, in inches, 
b = length of plate in inches, 
d = thickness of plate, 

c = modulus of rupture = 54,000 for wrought iron, 
P = pressure in lbs. per square inch. 

wl 



As to = P t 6 

We have - — = c d\ 
2 



The same formula may be used for estimating the strength 
r flat surfaces stayed by holta, such as the sidea oilocomoM^^ ^"c^ 
?xes^ dra Tables for the strength of stayed suT^Skceft) Cfi\<sv!i\s^^>'^\ 
ibu formula, are given in the chapter on ** Ooiia\irafi\AiMi%'*^ 




CHAPTER III. 

fKOPERTIES AHD CHAIL4CTER OF EOILER MATEHIAL8. 



Cast ikon is the name given to a material, wliose pIijrnMl 
propertiea may vary tliroiiyh a wide range of brittleiieaa, harJ- 
IMH3, and tetiacity. It is Bometimtis found bo brittle as to be 
almoat incapabla of being worked ; at other times it is found, 
or rather wiii once to be found, exhibiting such toughneaa u 
to render it oapubla of being chipped by a cbisal or bent by 
preaaiire equally as well as many inferior BpecimeES of material 
now Hold aa wrought iron. 

That cast-iron is unauited for boiler maUitig no farther 
pvidenoe h required than the fact of its almoat tutal rejectioil 
for this purpose after having had a fiiir trial Yet, despite 
the uHsnimouB acouptanoe of its condemnation, it must bo 
allowed that it possesBHs ativantagea which, ounsiJered in 
abstract, appear to render it the most eligible of the aeanty 
Ntock of naturiala from which the botler-ntaher has to make 
his selection. 

Ite low first coat, combined with facilities of working, place 
it ill the first rank of constructive materials, aud probably led 
to its being largely used for boiler making in the early days 
of Kteam engineering. In its povrer to resist wasting on 
exposure to the action of flame iu a boiler furnace, or to tha 
atmMphere when in contact with moisture, it is superior, if of 
suitabh qualitij, to wrought iron, and alao in it-i power of resisting 
the corrosive aotion of the feeil water and of acids found in the 
products of combustion. 

loferior strength alone can scarcely be regarded as a bar to 

ite employment in vessels for resiatiug pressure, whtn wa con- 

pJder that the strength of a structure like a. steam boiler 

dependx at much oi\ its size and torm aa o« \\\c aAnsi. itimi^fk 

of the laalermL The employmeiit 4i£ naat iioTi ^^i ^i^ot f 
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presBnres in our water mains, hydraalio pre«e«, and cannoD, 
proves that low tensile strength alone would not prevent its 

. adoption for boiler making, as any disadvantage on that score 
wonld be outweighed by its oonstruotive and other ad van - 
tagea 

As an instance that the breaking strength alone of a material 
h no test of its eligibility for sustaining high steam pressures, 
it may be mentioned that the employment of copper for flat 
surfaces in locomotive fire boxes meets with great favour in 
tbis country, in spite of its being in that form the least 
adapted of all boiler making materials for resintiug pressure. 
Everything in this instance is sacrificed to malleability, 
ductility, and high thermal conducting power. By proportioning 
their diameters in the ratio of their tensile strength, cast and 
wrought iron cylinders or spheres can be made of equal strength, 
with the same thickness of metaL The di£ference between the 
strengths of cast and wrought iron vessels in the form best 
adapted to the constructive properties of each, is by no means 
10 great as it may at first sight appear. With single riveting 
we can not take the strength of ordinary plates at more than 
12 tons per square inch at the joints. The tensile strength 
of cast iron being about 6 tons, and having no seams or 
other necessary loss of strength, it follows that a sphere 
of cast iron is equally as strong as a cylinder of wrought 
iron single riveted of the same diameter and thickness. 
But when both materials are used in the same form to 
lesist tensile strain, the greater thickness that must be given 
to cast iron, in consequence of its inferior tenacity, raises 
its cost to that of wrought iron, the price o :the materials 
being in proportion to their cohesive strength in the finished 
structure. 

Li seeking, then, for some other cause than the inferior 
tenacity to account for the rejection of cast iron, in spite of its 
numerous advantages, we shall find that the strong feeling 
which, notwithstanding strenuous individual efforts to remove 
it, exists against its employment for boiler purposes, must be 
ascribed to its brittle and treacherous nature. 

Besides the uncertainty of strength caused by defective 
moulding, and the unequal tension on different parts of the 
same piece, usually ascribed to obscure causes in the process of 
canting and cooling, a very flight hidden or Rurfac© dtt^^<i't,\\\ wcl 
otherwise sound casting, k sometimes sufficient to \ead to ^ svv<*iAftw 

Mttd extensive fracture, Moreover, cast iron, in breaikiw", ^^^Wova 



gives wnming by indicabioD nf weakiies.% such as nsually precedes 
the fuiliire of nroughl^irou structureE. The risk attemiing iu 
in large naasea, in consequeace of its treacherous nature, Ja 
(greatly a^grarated when the material ia subject to the Htr*iai 
onuBsd by siidilen and unequal expasaion anJ contraction o 
sequent apnn the suddeti aud extieme variations of temperatnM 
i exposed to when employed for vesaela to raise steam in. 
To this cause must the rejection of cast iron be ascribed, together 
with the dread of the disastrous pfiects that would probably 
result from the explosion of a cast-iron boiler containing a large 
body of highly heated water, which wonld probabl; be similar 
to those resulting from the burstiug of an ex;>losive shell 
AVhen wrought-iron boilers explode, large masses of plate 
usually hold together, and tend to mitigate the effects of the 

It is only when these two causes act conjointly, viz., (1), 
untrustworthiness of the material when exposed to trying 
trains, and (2), dread of explosion when the material contains a 
large body of highly-heated water, that cast iron is deemed 
unsuitable for boiler making, aa may be seea from the following 
ooDwderatioua :— 

1. In order to mitigate the disastrous effect that would ensue 
from the sudden liberation of a considerable volume of water at a 
very high temperature, on the bursting of a large vessel, varioiis 
types of cast-iron "sectional" boilers have been introduced. 
Bfing composed of many small pieces, either spherical or cylin- 
drical, it is held by the ailvocates of thtse boilers that in tha 
event of one portion soddeuly giving way the explosion would 
be confined to a single segment, and its effects would be insignifi- 
cant, as the hot steam aud water woidi be gradually ducharged. 
It is for this reason thst ' east-iron boilers of this class, although 
subject to the same variations of temperature as ordinary stetun 
generators, are employed without anxii^ty. It may be remarked 
that the unequal strainiug, and consequent liability to fracture, 
is much less in small than iu large vesaels. 

2. There are some cast-iron boilHrs, with wrought-iron internal 
flues, whose mpture would suddenly Uberate a sufficiently lorga 
quantity of heated water to cause a very disastrous explosion ; 
yet these are worked without fear of bursting, as they are not 
exposed to sudden variations of temperatuie, the furnaces being 
in tha internal tubes. In such boilers, however, there will be a 

Biarked difference of temperature bttwem ttio to^ °^ ""^ shell 
tio bottom, espeoiaily when aiMiiug \iW \idi^ ^*'?tih,'] 
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titer Blling with cold water, which must strain them con- 
Biderably. 

3. When not entering into the constmction of the boiler 
itself cast iron is ahnost invariably used, except with marine 
boilers, for pipes to carry the steam to the engine cylmders at 
the full boiler pressure. These cylinders being of cast iron are 
Tery often of larger diameter than boilers it would rightly be 
deemed foolhardy to make of the same material, and to work at 
the same pressure. This apparent inconsistency admits of 
ready explanation. In the en^e cylinder the heat is, com- 
paratively speaking, uniformly distributed. There are wanting 
the fire and currents of cold air through the furnace-doors and 
bars to render the material untrustworthy ; and when the 
cylinder does happen to burst — ^by no means a rare occurrence — 
the quantity of water present, although often the actual cauRe 
of fracture, is so small, and at so low a temperature, as to 
render the effects of the bursting comparatively harmless under 
ordinary circumstances. 

A liurge cylindrical vessel placed horizontally, with a fierce 
fire acting on the under side, and but moderately heated above, 
would be severely strained by the unequal expansion. A brittle 
and unyielding substance Hke cast iron would certainly not 
stand such a test without injury. 

In order to bear a high temperature without fear of fracture 
a large cylinder of cast iron should be heated equally all round 
its circumference, yet not necessarily along its entire length if 
the application and withdrawal of heat be gradual, and if the 
vessel be free to expand and contract uniformly. Such a 
cylinder is therefore less adapted for a horizontal than for a 
vertical position. The vertical arrangement for large cast-iron 
cylindrical boilers with external firing was formerly used. Its 
abandonment was probably due to the small amount of heating 
surface this arrangement afforded. In order to increase the 
extent of this surface the obvious method is to diminish the 
diameter and increase the number of cylinders to receive the 
heat, producing at the same time a stronger and more efficient 
boiler. This has recently been done, and boilers composed of 
vertical cast-iron pipes 4 inches or 6 inches in diameter are at 
present employed and worked at pressures as high as 80 lbs. 
or 90 lbs. 

The difficulty^ or mther, inexpediency oiTepa\x\n^\?aft ^^^-^^ 
hjr patching Ja Another reason for making caa^-\toii\>oV^«t^ ^"o^^ , 
simllu- structures in small segments, the r©p\acm^ol «b^^l^^M\ 

o 1 



portion being b^r this means sAtended witb tha least Hacrifiw of 
tuaterfal. 

It IK Bometimee asserted that cast iron does not beooiIH 
covered with incrustntioii so reudily as wrought iron or copper. 
Hitirever true tliia may be ia the cane of cast-irou ppheras, 
where the coating, if aoBiciently thick and brittle, miiy bs 
cracked off by the iuequality of eipausion between itself and 
the metal, it is certainly not the caaa with respect to oast-iPM 
jiipeB, which become tliioMy pouted over with a scale that deGea 
rumoTal when bad feed-water in used. 

Seeing that the prevailing types of wrought-iron boilen 
having large cyhiidrical shells are such iis we could not ventute 
to make of cast iron, and that, at the same tinje, cast irou can 
he safely used in certain other arrangements, the qneution may 
arise whether the prevailiug type of boiliar is the cau-e or the 
effect of the rejection of cast iron in favour of wrought iron fot 
boiler making. If, on the one hand, fadlitiea of oleaning, «nd 
examination, and repairs, a'' well as an economical fuel cou- 
sumption, render the present boiler of large section sapeiiort'i 
any other form, the abandonment of cast iiun wuuld certainly 
follow. But if, on the other hand, the untrustworthy natim 
or other adveree property of oast iron in any form whattiW 
resulted in its rejeutiou in favour of wrought iron, the effect 
would be, without further consideration of economy, tha 
adoption of the prevailing types as being the most suitable for 
constructing of wrought-iron plates, 

There oan be liltlu doubt the latter conclusion is the correct 
one. The difficulty of making good steam-tight joints when 
wronght iron first came largely into use for boiler making, would 
of itself preclude the use of cast iron in small segments, the only 
ahape in which it can be safely employed. 

At the present day the increased facilities for making strong 
seamless wrought-irou tubes of various sizes will exercise oou- 
siderable iuSnence on the design of the boiler of the future, and 
probably, to some extent, indirectly lead the way to the larger 
introduction of B^t-irou segmental boileia. 

Of hite years the employment of cast iron in connection with 
boilers has been chiu£y oonfiued to the larger descriptiona of 
mouutin^ts and seatiugs, and to steam domes and chamhen. 
For the farmer it will doubtless long (continue to be used, as it 
here possesses advants'ges superior to all the other materials) 
except britsa, whose price, however, will 'gteian.^. 'A Ixonavm 
hwoit largely uaed for l^nd boiVera. ^^^1 
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In the employment of cast iron for boiler mountings care 
shoalci be taken that it is not placed where sudden variations of 
temperature are likely to occur. When used for steam dome» 
and pipes of large diameter a large mcrgin of safety should be 
provided, and castings of these descriptions should always be 
carefully tested by hydraulic pressure, to guard against insidious 
defects and errors that but too frequently occur in the foundry, 
and which it is impossible to detect by any ordinary optic or 
acoustic tests. 

Ko better example of the treacherous nature of sound cast 
iron can be given than the fatal explosions of steam stop- valves 
that have occurred in frosty weather through opening the valve 
and allowing the steam to enter suddenly from the upper 
portion into the lower containing water at a low teinpe- 
rature, which has caused the cast-iron valve casing to crack 
like glass, from the unequal expansion, and to be violently 
blown about, with as low a pressure as 10 lbs. above the atmo- 
sphere. 

The above is one reason, amongst others, why a range of 
steam pipes should always be arranged or provided with means 
to drain the water from condensation away from the end where 
the steam enters. 

When a certain amount of strength is required in a casting, 
it is usual to specify the mixtures by giving the names and 
proportions of the pig-iron to be used. The most satisfactory 
course, however, is to specify the tests the metal must be 
capable of standing, and allow the founder to choose his 
own mixtures, which will vary considerably in different dis- 
tricts. 

With regard to judging the quality of the iron by an inspec- 
tion of the fracture, this is by no means a simple matter, as the 
appearance of good iron is found to vary widely in different 
locedities. Such defects, however, as honeycombing and chills, 
arising from want of care or skill in moulding and running the 
metal, and the presence of particles of graphite, showing a 
defect in the mixing, are unmistakable. 

The strongest irons are of a light grey colour, without much 
lustre, dose grained, and sometimes mottled. Others exhibit a 
somewhat fibrous or jagged surface, of light colour, and when 
closely examined are found to be close grained. . On the other 
hand, a blackish or bluish grey, with lax^'e \oo%ft ^^wss*. 
And having geaeraJly a shiny appearance, mdvsaX.^^ VMl'sxwst 
tenadtjr. 
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The Huperioritj of copper for boiler making, when compamd < 
with WTDUyht iroD, coneists iu the uiiifuriniCy and homogeueitf 
of its texture, freedom from laTuination aud bliaCent, aud iu iti 
general truatworthjr chnraoter when well selected ; iu iCH great n- 
Kiatance to oxyilmug inHiifnces and the corrosive actiou ofnuDf 
liescriptious of feeii water i in the nuinner in which it reaatt 
the teuacioiiB adbeaiim of moat kiiidi of iucrustatioo ; in iM 
gre&t ductility and inalleal>ilU>', which render it capable of beAng 
worked with great eaae and of bearing Buddeu a^ well hb lit- 
repeated racking Btralas ; iu its being a better eouduc tor of heat, 
which aot only tends to give it a higher evspnmtive power 
under favourable citouoiBtftiices, but also enables it to lost 
longer when exposed to a Scrcti wasting heat in a, boiki 
furnace. 

Before the rolling of Houiid wrougbt-iron ploites in large 
quantities was attended wiili the certainty of receut yea^^s 
cupper waa rightly conBidered the most eligible and trustworthy 
material for steam boiler shells, and was eo used to wraa 
extent, but owing to its high price and inferior tensile Btreogth 
its employment for this purpose has long been abandoned 
favour of wrought iron and steel. But for its high price, its 
non'hability to saffer from the action of aooie deacriplious 
of corrosive feed water and consequent durability would, doubt- 
less, in many cases outweigh any objections on 
inferior tenacity. In judging of tbe comparative cost, it must 
not be forgotten that old copper will average a price of £66 per 
ton, whilst old iron will not futch more than £5 on an average, 
being respectively two-thirda and one-third their price when 

The softness of copper when used in a comparatively pnre 
state has been found to render it unfit to resist the abrasion il 
is subject to when used for tbe tubes of ooal and coke-burniug 
bailers, for which purpose its facility of mimufactura at < 
time espeoially recommended it. 

Tbe use of oopper in boiler construction is now almost 
strioted to the fire-boxes and stays of locomotive boilers. Hot- 
withstanding its weakness to resist pressure when employed u 
a flat siirfitce, especially in a furnace, its high heat-conducting 
power and ductility are considered, iu tbh country at least, 
ia render it more suitable tbaji wvoM^t nim oi tHsA, tw 
i>«^niig the iiitenao huat aiid \iuequal a'sraMia (A ». 
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furDace. In Amerioa, and, to a great extent, on the cou- 
tiueut, iron plates of half the thickness are successfully used 
instead. 

There can be little doubt that the quality of copper has 
deteriorated of late years, much of it being now of a compara- 
tively hard and brittle quality. 

Odo adverse property pos!<e88ed by copper, in which it pre- 
sents a marked contrast to iron and steel, is the great diminution 
of its tensile and transTerse strengths at moderately high tem- 
peratures. From numerous experiments undertaken by the 
Franklin Institute in America, it was found that, taking a 
temperature of 82^ Fahrenheit as a standard, every increment of 
heat caused a diminution of tenacity in copper plates. Thus a 
cold strip capable of carrying 10,000 lbs. was only capable of 
carrying 7,500 lbs. when heated to a temperature of 600°, and 
at 1200% a visible red heat in daylight, no more than about a 
tenth part of the strength remained. 

Tabu of Diminution of Strength of Copper Boiler Plates when 
heated. Their etandard stre^vgth at 32° beiti^ 32,800 lbs. 
per square inch. 





Temperature 


Diminntioa 




1 
Temperature 


Diminution 




above S2*. 


of Strength. 




above 32'. 


of Strength. 


1 


90* 


0-0176 


9 


660' 


0-3425 


2 


180 


0-0540 


10 


769 


0-4398 


8 


270 


0926 


11 


812 


0-4944 


4 


360 


01513 


12 


880 


0-5581 


5 


456 


0-2046 


13 


989 


0-6691 


6 


460 


0-2133 


14 


1000 


0-6741 


7 


513 


0-2446 


15 


12o0 


0-8861 


8 


532 


0*2558 


16 


1300 


1 -000 



From the above it is seen that in being heated from the 
freezing point to the boiling point of water, copper loses 5 per 
cent, of its strength ; at 550° it loses about one quarter of its 
strength, and at 1332° loses all its tenacity, becoming a viscid, 
granular, soft, incoherent mass, although it does not actually 
melt until it reaches nearly 2000°* 
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Wrought iron is the material which, for the last forty yeaxa, 
haa buea by far the moat extonsivijlj' used for boiler inukiu);. 
The reason for thit) is not fiiT to aeuk, and has been partiallj 
inttic&teil in discussing the constructive merits of cast irOD, 
The great tensile Btroiigth of good wrought iron, together with 
its duotiKty, power of hearing snJden and trying str^na, anil 
general trustworthy nature, its moderate facilities of working, 
the ease with which it caji be welded, riveted, patched or 
mended, ita moderate first cant compan^d with that of caliper, 
ura all important advantages which oontribute to its value aud 
the deservedly high esteem In which it is held for the cou- 
structioD of vessela exposed to the ever varying and tryiug 
strains that sleam boilers have uecesiiarily to bear. 

As it is mainly in the form of plates that this material Gutera 
largely into the CDUhtniction of the prevailing; types of boilers, 
we will at present confine oureelvea to it in this form, leaving 
the not leas important cousideratioii of its streugth aud behsviour 
as bar iron when Uiied for atajs and angle ironB to be 
quently dealt with. 

Wrouglit-iton plates, it is well known, are manufactured at 
dilfeient qualitios, ranging from the badly reOoed, coarse, brittle 
and uncertain matenal sometimes sold as ship plate, through 
various medium qualities to the valuable " Best Yorkehire" 
plates, so justly prized above alt others for boiler making. 

In couEi^quenGe of competition and lowering of prices we 
often And boilers made of infeiior material that scarcely deserves 
the name of wrought iron, the renult being aorioyaDce, pewt- 
niary loss in the long lun, and frequently fatal disaster. It 
would, indeed, be well if it w«ra unueceasury to say that plate* 
of sliip quality should nereT enter into the construction of 
boilers, on account of the rirk to life and property that alw^B 
attends their use. 

For a long time the " Best East " and " Treble Be4 " Staf- 
fordshire plates have di^ervedly been ill great request for bbiln 
making. Formerly, when titt production of these pLitee WM 
ooufiuad to the locality whence they derive their name, and to tbit 
BiKTOundini! dintrict, thry could be generoUy truHted as being o( 
good ductile iron, aud well adnpted for all the pruoeBMa iu 
boiler making. Although Staffordshire plates of eicelleut and 
reliable qiinlity are still abuiiilant\.s ii\a,iTO5ftcbii»i4, "iWro ot so- 
miled " StaSordnhixe quality " oamiot irt ^ii» ^i«»«>A ' 
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80 generally relied upon, and care should be exercised in their 
Bf lection. They are made in different parts of the country, 
their properties depending in great measure upon the nature 
of the ores and fuel found in the districts where they are pro- 
duced. 

Experience has shown that the plates from mills where only 
superior qualities are made, are more trustworthy than those 
turned out by the mills where all classes of plates are ma(ie, 
from the so-called *'Low Moor quality "down to the veriest 
ship plates. Instances of apparent caprice are not uncommon 
where the inferior brands prove to be equal to, and even 
better than, what are sold as the superior brands from the same 
works. 

When great pressures and a small factor of safety are em- 
ployed, or when the plates are exposed to very trying condi- 
tions, we cannot be too careful in the selection, and it is really 
a matter for congratulation that trustworthy plates are still to 
be obtained, and that makers are to be found who have been 
able to hold aloof from the reduction of prices, and at the same 
time reduction of quality, so general of late years. The most 
prominent among these are the so-called ** Best Yorkshire " 
houses,* who only turn out one class of iron, and that the very 
best (if we except some of the Swedish and Russian brands). 
Their plates are as trustworthy in their character as can well 
be, and so highly are they esteemed that their employment is 
generally understood to absolve the boiler-maker from blame, in 
the event of failure from defect of material. 

These plates are not more commonly used solely on account 
of their high price ; and there is good reason to believe 
they will be able to hold their own in price until steel plates 
of an equally reliable and certain quality can be largely pro- 
duced. 

The use of the same brand by different makers, but for 
different qualities of plate, and the diversity in the names of the 
brands employed by numerous manufacturers throughout the 
country, are misleading and have been productive of much 
misunderstanding and annoyance. The " Crown " plates of 
one house may be of fair boiler-quality, whilst the same brand 

• The best Yorkshire houses are : — The Low Moor Iron Works, near 
Bradford; Taylor, Brothers & Co., Leeds; Bowling Iron Co., near Brad- 
ford ; Famley Iron Co., near Leeds; S. T. Cooper & Co., l^t^vk-s.^ %sl^ 
The Monk Bridge Iron Co., Leeds. The other &tuia ^VkQ laa^fc q^^ 
**Begt Yorkshire " irou do not roll plates. 



of uiother house are 011I7 of aliip quftlity. aud not intanded ^ 
the mnnufacturerB for boiler-mnkiiig at all, yet are uii wittingly 
purcluksed by boiler- mMken nho have beflii in the habit of uauig 
" Crown " plates. The " Best 8arap " plutea of one maker Kill 
be found to be of second iiuality, and only equal to the " Beet 
Best " plal«B of another hooHe, whose " Best Scrap " are equal ta 
the "Beat Best Best'' of a third houne. Some maker-' 

*' Best Best " plates are equal to the " Treble Bei^t " of another 
house in the same district. As a rule, the price that any 
given brand oommsods in the market is the only ciiterioD of 
its quality ; and even this guide in not iufnllible, and is apt to 
mislead in a fluctaatiiig market. It would be a gr<^t boon to 
boiler-makers and others who have to do with plates if aome 
uniform system of branding them according to their quality 
oould be agreed upon by those makers who roll three ot four 
diOereot qualities 1 and if each plate were stamped oa both 
sides with its brand, data, and the maker's name, A few makeis, 
in imitation of the " Best Yorkshire " housps, iu braoding their 
highest quality plates, do not di^note the quality, but siinply dm 
a name or device, and rely upon the reputation of their plates 
for a sole. 

The fivat quality to be sought for in a boiler plate ia atrength. 
This does not necessarily imply the mere power to reaiat being 
torn asunder by a dead weight, ae in a testing machine, but the 
quality to withstand, without injury, the many and »aiying 
shocks and strains it is exposed to in the boiler yard uid iu 
actual work. 

Many inferior plates exhibit as great a cohesive stretigth la 
those of better quality, their inferiority consisting in thuT 
brittleueaa or shortness, want of " body " or souiidnMi, im- 
perfect manufacture, and uncertain character or quality. Tough- 
ness and ductility combined with great tenacity, and kiso 
olosenesa and uniformity of texture and coutttaucy of quality, 
are the properties and character to be sought for, and which 
are only to be found in the bext brands. 

The strength and quality of a plate are taxed in many ways, 
tn the bauds of the boiler maker and smith It may have to 
undergo the various processes of repeated heating and cooling, 
hammering hot and cold, beiiilitig, twiatiug, flanging, weldiu^, 
and panching. Inferior qualities of pUte cannot always b« 
relied upon to bear the ordeal of repeateil heating and cooliog, 
as they often warp and twist, ot WHste n'wa,^ vq iv curious 
HMUiuer, show defects of msJiuia'AxiTB, aai4 ^ito-jia 
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Some plates of otherwise fair quality will not bear hammerinsf 
when red hot, a defect usually ascribed to the chemical pro- 
perties of the iron. In the procesA of cold bending in the rolls, 
especially to a small radius, minute fractures sometimes occur 
on the outer surface df the plates of stubborn but fair quality. 
These are most frequently seen when the plates are bent across 
the grain, and doubts sometimes arise as to the depth the 
fractures penetrate into the body of the iron. Cracks in the 
scale adhering to the plates are sometimes erroneously taken for 
the fractures here referred to. 

The manner in which a plate will bear flanging outwardly, 
whereby the fibres are either stretched or separated, as the plate 
is flanged across or along the grain, is generally considered the 
best test of its soundness and quality. It is certain that none 
of the inferior brands will stand this test with any degree of 
certainty. Those of somewhat better quality that bear flanging 
inwardly may, with care and skill, be made to stand outward 
flanging ; but they cannot be depended upon. Plates of 
moderate quality may also be successfully welded if skilfully 
treated ; yet, to ensure success, only very good or first-rate 
brands should be chosen where flanging, dishing, or welding 
is required. The effect of punching on plates of different 
qualities will be discussed in the chapter on riveted work. 

The defect most commonly revealed in working boiler plates 
is lamination, from which plates even of the very best brands 
are not always free. This defect arises from the imperfect 
welding of the several layers which make up the thickness of 
the plate, and is usually caused by interposed Band or cinder 
which has not been expelled in the hammering and rolling dur- 
ing the process of manufacture. It is more frequent in thick 
than in thin plates, and is sometimes very difficult to detect in 
the new cold plate, although often discernible in the hot slab. 
It often happens that plates, which are passed as quite sound 
on careful external examination, are found to be severely lami- 
nated when subjected to heating and hammering, and prove 
totally unfit for working. 

Blisters are of a similar nature, and arise from the same cause 
as lamination. Sometimes they appear as mere surface defects, 
and are of no consequence ; but their appearance may be an 
indication of the want of care or skill in the making of the 
plate, and is sure to excite suspicion. At other tvme^ t^^blv&tAt 
runs Ifom the aurfAce far into the body o£ t\itt ^\«b\A, ^\\^ "v^ 
%rea may be measured by feet. It frequeutly "k^v^evi^ 'Caa^^ 



theso defects p(iB» undetected tliroufrh the closest BorntiiTT 
AnrI teat bj haiDmeriiig, hut discl'iee ilicnitielTea booh alter th« 
bniltr is set to work, pspeoiaUy^ if the pl&te be expostd to sadilan 
vnri (lions of temperature. When a bliateT does not run out to 
the niirfuce or edge, it will poasiblj' never he detected, onless it 
is subject to nlternnte heating juid cooling, as in a furn&oe-pliile, 
where the great heat on one vide, compared with that on the 
other, will sooner or later take edeot ; and even here it maj 
be ;ears before it borsts open. In the plates overthe hre-grata 
of an eiternMlly-f red boiler, Boch a hllBter may prove a tBry 
serious defeat, calling for the immediate replacement of the 
plate, cutting out and patching in such a case being bnt k 
penny- wise proceed mg. 

After quitting the boiler-mnlter"!! hsnda, the test of evary-day 
work will render manifest a wide difference in the beliaviour of 
plates of vsrious qualities, Inft-rior hrnnds of brittle and barfly 
refined iron will rapidly show iinmiBtakable Bi},"tia of weakness, 
if placed under the trying ordeal of bearing the alternate im- 
piugeroent of a fierce flame and currants of cold ftir. The 
rapid variations of temperafiire caused by the sudden Wid 
frequent openings of the furnace door and leakage of cold air 
at the fire bars and bridge will tell, sooner or later, on any Iciiid 
of iron, but much more quickly on brittle than tough qnalities. 

On the delivery of a batch of boiler-plates from the maker'a, 
the name and brand of quality on each plate should bo ascer- 
taineil, and oare should be subsequputly taken to keep the brand 
on the outside of the shell, or on the fire side of the futuaoe- 
tube, in a position where it can be afterwiirda readily discovered. 
Each plate should be gauged, or, still batter, weighed, in order 
to ascertain the eiact thickness, the comparison of which with. 
the Bstent of departure from specification allowed to the maker 
will determine whether the pla.tus are to be accepted or rejected. 
Each plate should then be eiamined on its sides und edges for 
surface defects, such as flaws, blisters, lamination, or marks and 
indentations caused by want of care in the rolling, the discovery 
of which may juKtify the rejection of the piata. In order to 
test its internal soundness, it should be markud oil' with a 
chalked line into squares of four or sis inches, and conveniently 
Bunpended or supported on edge, to be tapped all over vrith a 
light hammer. Where solid the blows cause a sharp ringing 
sound ; but a dull heavy soon"! indirateB the prcpence of laml- 
iiatioB or other defects. Both sidts ot tVa p\B.\* -\\ii-a\<lL\iB ttwia 
tMeeti. Shanld my doubt ariaa m to i!a» »ov.mAu««. 'W^ 
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acoufttic test, the plate should be prepared for further testing by 
supporting it horizontally on two edgen, or fttHI better, at its 
four comers, and strewing the upper f^urface with fine sand. 
The doubtful portions being then lightly tapped on the under 
side, the sand will be thrown off by the vibration, if the plate 
he sound ; but if laminated the sand will remain stationary. 
Tet all ordinary methods of testing may fail to detect hidden 
internal defects, which may reveal themselves as soon as the 
plate is operated upon at the forge, or possibly not until the 
plate has been some time in use in the boiler. What is wanted 
is some magnetic or similar test, such as that proposed by 
Captain Saxeby, which, however, must be reliable and capable 
of easy application. 

In cutting the plate from the slab some specifications require 
that a distance of from 2 '' to 4" shall be left from the nearest 
defect or cracks at the edge. The plates are also sometimes 
ordered sufficiently large to admit of a test-strip being cut otf, 
in order to ascertain the quality and tenacity by breaking. 

All plates of the very best quality having a longitudinal 
tenacity of 24 tons per square inch of section, and an ultimate 
elongation of about 1 2 per cent. , and not exceeding one inch 
in thickness, should bend double along or across the dbre when 
red hot. 

** Best Best " plates one inch thick and under, having a 
longitudinal tenacity of 21 tons, and an ultimate elongation of 
about 7 per cent., should admit of being bent hot, without 
fracture, lengthways to 130°, and crossways to 100°. 

For the cold forge test plates of the very best quality, -^^ 
inch thick and under, should bend double without fracture. 

Good boiler plates should bend cold, without fracture, to the 
following angles : — 



1 

Thickness 


Along. 


Across. 


Thickness. 


Along. 


Across. 


1" 

8 


15' 

20 
30 
40 


7' 
10 
15 
20 


7 i» 


55'* 
70 
80 
90 


25° 
35 
45 
55 



The radius of the comer over which the plates are bent 
ghonjJ not exceed half an inch. The angVe to nvV\<^ \Xi^ 
pJutea can be bent without fracture will depend greuW^ xji^ovi^^ 



skill of the Bmith who heats and operatex wpon them, 
that will buar tha tost with a number of shivrp li'jht blowt^ 
often fail when a heavy hammer ia Dsed, Bj Btrikilig 1 
plate aloug its aurfaoe it can be succeBsfiilly bent to a mu 
greattT augle than when the blows are dealt perpend iuularly ts 
the Biirface. The pl^te will atno stand the bending much better 
if it is perrormed uniformly along ita whole width. 

nivets and bani for lioiler work are Buidoin tested for their 
tensile iitrengthj but their quality it usually ascertEiiiied bj forge 
teata. A good rivet, cold, will bend doable without fracture. 
The head of a good rivet should flatten out, by hamiaeriug 
when hot. to about i iuch thi'.'k, without fracture or fraying 
at the edge. A hot rlvet-shHnk or bar of iron, when flattened 
down to a thiokuess equal to about one-half its diameter, should 
bear a punch driveu through it without fracture at the bole. 

There hiia been no 1 ick of experiments to ascertain the tendl 
strength of wrought-irun ]ilate8 of different quahtiea, aod of 
orditjary tliicknea^ Many of these are, however, not acoom- 
pauied with sufticient iiiforuiatioo to make them of much value. 
The reault4 of Mr. K>rkaldy'B elperimenls ou plates and bars 
are in many respects the most reliable and valuable yet recorded. 
These verify the commonly received opinion that good boiler 
plates may be cont-idered as having an averigu tensile strength 
per square iocb of section of 3L tons along the fibre, the straniith 
beiug geuerally about teu per cent, less across the fibre, 
strength of Best Yorkvbire |>lates may be taken at 24 tons 
alon^ the fibre, and 22 tons across. 

The vtreugth of roiiud and square bars is superior to that of 
plates of equal quality, the auperiority being uiost mai 
iron of inferior brands. This circumstance is usually a 
to the increased amount of rolling the bars undergo. 
Mr. Kirkuldy'a experiments an our guide, we find that ordinary 
bars, so far as their tensile strength is conaurned, 
an equality with " Best Yorkshire "-bars than was found to be 
the case with plates. The aserage strength of bars may be 
taken at 25 tons per sqnare iuch of section. It must not, 
however, be inferred from this that there ia no superiority it 
" Beat Yorkshire " aud vury beat Statfordshire bars over those 
of ordinary make. The former are more reliable and uniform 

quality, aud exhibit a superior ductility when compared with 
those of tiifarlcir quality, and stuud smithing very much better. 
By tf»y o/' eiplanation it may lielieie o\)wiv>n!4 ttitA whan u 
\teia bixfkea ao tttat the lino of fiBfituta raa'i ^TOlio\'»ri.'^i^ 
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fibre, it may reasouablj be Mid to be broken along or in the 
direction of the flbre ; and when the fxactore is perperi'licrilar 
} to this, across the fibre. This i^, hoveTer, not the nrLvir m 
which the terms along and across the fibre are UAnall/ emp>^7«'j. 
When we speak of a plate being broken in the direction of th« 
fibre, we refer to the direction in which the xtrain ia applie'l to 
produce fracture ; and similarly when speaking of a brtA.k^-i 
across the fibre. There is then eTideutly a duMsordanee betw^n 
onr modes of expressing the liirectious of bursting fractures and 
tearing fractures relatively to the strains which pro^luce 
them. 

On breaking a plate or bar of wronght-iron, the fracture 
presents an appearance by which the quality of the iron may in 
some measure be determined. The fracture is drsigitated on 
the one hand as fibrous, tough, fine, silky, cloee-gr^rjed, re*i- 
short, or on the other hand as crystalline, cuanie, open-graine*], 
brittle, coldshort. Notwithi^tandiug all that has be^n wriit*.-ii 
concerning the quality and treatment of iron, an I their influence 
on the appearance of the fracture, firHt pointed out, 1 ^nilicvf , 
by Dr. Percy, and so ably shown by Mr. Kirkaldy, there Mi.l 
existaa great deal of misappreheiifuon on the subject. A wide- 
spread notion prevails that all good wrought-iron Hhould prt:K;nt 
a fibrous appearance ; by this being meant, that when broken, 
no matter how, the fibres should appear drawn out. Now, the 
manner in which the breakage is effecte^l is all important iu 
influencing the appearance of the fracture. The best plates or 
bars rolled, as well as the worst aduiisKi »le for boiler making, if 
broken short off or snapped in two, will display a short crys- 
talline fracture, quite even and straight ; but whether it be fine 
or coarse will depend entirely upon the quality of the iron. On 
the other hand, if the iron be gradually torn asunder, it will 
show fibre, the ft'acture being more or leas rugged or irregular, 
and possibly at the same time mixed up with the fibres a small 
amount of crystalline fiacture, the fineness or coarseness of the 
whole being an indication of the quality. 

When broken suddenly the best qualities of plate and bar 
exhibit a fine close-grained uniformly crystalline fracture, even 
silky, of a light, silvery colour, the appearance iu the harder 
descriptions approaching to that of steel. The appearance 
of indifferently refined and inferior qualities is coarser, usually 
of a darker colour, more or less uneven or open, ex\AVi\\.\\v^ 
large fHcetn, and approaching some descriptiowa ol caSk^ vc^\\« 
When broken gradually good iron preaeuU a Yr«\\ dt«.^\i ws^ 
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clnBB fibre, of lipht greyi-h hue, whilst inferior qualitieH gi™ k 
sborter, more open, and darker fibre. 

A bar or itrip of pUte cati be broken Ruddenl; by a. sharp 
How, whan nicked with a. ehUel al! round or on both adoi, 
the nicks being niiide exactly opposite each other. By makiuf 
a. Blight nick only on one side, and gradually bending the iroa 
awar from it, the strip will have time for the e^ieroise of iti 
ductility, and display abundant fibre. 

It may be here remarked that metal is to be found enjoyinK 
the name of wrouaht iron which will teat the inijeimity of My 
cue to break it gradually so as to diEiplay fibre ; it should b« 
needlena to add that such rubbiah must never be used for boiler 
majcing. 

" In the case of the fihrous fracture, the tbrcnda are drawn 
out and are viewed externally : in. the case of the crystalliue 
frnctnre, the threads in cliisierx are snapped across, and are 
viewed internally or sectionally " (Kirltoldy), 

When old broken boilir-plates exhibit fibre at one aide, and 
a crystalline appearance at the other, it is poinetiniuB said that 
one side has deteriorated more than the other ; but the fact 
probably is, that in the act of breaking one side baa patted 
gradually, probably by the croaa action of the strain, and aa the 
section became dimiuiahed the other nide has parted suddenly. 

When good ductile iron is gradually torn asunder it dranrBOut 
or Btretchea to a conaiderable extent, causing a diiiiinution of 
Bectiona! area at the fractnred part, which should always be 
compared with the original sectional area of the specimeii in 
judging of the quality. An infurior bar or plate may bear 
B4 great a tensile atram aa a similar specimen of superior 
quaUcy, say 23 tons per square inch of original area, but 
on comparing their fractiii-ed areas it will generally appear 
that the latter has been drawn out considerably, and actnally 
Bustwued 30 tons or more per square inch of fractured 
area, whilst the inffrior specimen, having stretched but littl&, 
hiia not sensibly dirainiahod at the fracture. It is owing to thia 
fict that good ductile iron ia so much more trustworthy than 
badly reBned or coid-short iron where sudden strains occur. 
The one will stretch where the other will snap. 

It is often affirnied that wrought iron changes from fibrous 

to crystalline after enduring long- eon tinned cold- ham menu g, 

Tibratiou, teusion, jarring, and other atrnins, or after long el' 

pnsiire to the influence of tent, ot a\ter\ia\i bs.^i»wki voA. 

wJien lued for the plates ot a ViOBi-l\xniw». -^BjUg 
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the very best plates, after fix>m ten to twenty years' use in a boiler, 
have frequeutly been fouud to break without stretching, at the 
same time displaying a crystalliue fracture. It has been said 
that this indicates a change having taken place in the natuie 
of the material, and that from being fibrous aud tough it has, 
through some unexplained cause, become crystallised and 
brittle, or that it has lost its nature in consequence of the 
treatment it has undergone, whatever that may have been. Now 
there is no doubt that the strains and other causes mentioned 
have a tendency to make good iron become brittle and liable to 
snap suddenly under the same treatment that would originally 
have torn it gradually, and in so far a change is produced in its 
rature. This snapping, and not the fatigue of the metal, is, 
however, the direct cause of the crystalline fracture, which is 
but a necessary consequence of the suddenness of the breaking, 
and not a property of the iron itself. To say it snaps readily 
because it has become crystalline is to confound the cause with 
the effect. It is erroneous to say the fibrous nature has passed 
out of the iron, for its ductility can, to some extent at least, be 
restored in most cases by simply heating to a bright red, and 
slowly cooling the iron, or failing that, by hammering or roiling 
it while hot. 

By heating to redness and suddenly cooling a piece of wrought 
iron, it will become liable to snap, producing the same effect as 
cold-hammering. The explanation of this is not obvious. I^ 
may in both cases be owing to the loosening of the crystals 
into which the composition of the material ultimately resolves 
itself. To this cause may also be attributed the same tendency 
to snap after long-continued jarring, or, alternate expansion 
and contraction. 

The restoration of the toughness by the application of heat 
in such cases, and still more by the application of pressure, 
may be due to the consequent restoration of the crystals to 
their original positions. 

It may be maintained that all boiler-plate worthy of the 
name is fibrous ; whether its hardness makes it liable to snap, 
aud therefore appear crystalline, depends on its original character 
and the treatment it has undergone. No fine iron can, how- 
ever, by any treatment, except burning, be made to appear 
coarse, and the fibres of the poorer descriptions cannot, with- 
out re- working, be made to appear fine and close grained. 

It is horn a want of knowledge of the above ioiAl^ V)cv^\> \^^^ 
opiuiona are so oiteu expressed respecting t\x^ c^jqlsXyXas^ Q't 
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plates. The followiug iiiBtioce is perhaps not too well known ta 
bear repetition. A Briontido witness at an inquiry 
CHUHe of a boiler explosion, after exproEtsirig himself compbteat 
to distingiiii'h between bod auil good iron, was haniled thi«a 
brokeu epooiiueua to exuniine and puss an opiuiou npoii. 
Tlieso he SH»erttlly proiiounceJ as good, bail, and iDdiffen-iit, 
They were all cut from the Bame strip of pluto, and artfully 
broken to present different looking fractures, by whioh thsj 
witness was deoeired. I 

It iH not unusual to find eminent enginsera at inquests and'. 
inqniries delivering judgamont on the quality of iron without 
anything to Iwiae tlieir opinion on except the load par squara 
inch required to tear the material asunder. 

As it hai juat been attempted to show, thin can give no true 
iudicntion of the quality of a plate. The precise characterof thai 
fracture, contraction at brokeu nrea compared with original aao- 
tinn, together with the abnpo and temperature of the tast-pieoe,^ 
direction of strain, and maiiuer in which the breaking load is 
applied, as well aa the amount of the load, must all be con- 
sidered. 

If the plate whose quality ia in question has been taken, 
from an old boiler the B^e should be known and the poaitiouilU 
the boiler, along with any other circumsl'ances tending to' 
throw light on the nature and amount of the strains to which i^ 
baa been exposed, and which may influence the manner ofi 
breaking. 

As shown by Mr. Kirkaldy, good ductile iron can be mailSi 
to appear crystalline when pulled asnudei in the teaiing- 
maoMne simply by coiiSuing the minimum sectional area whera' 
fracture will occur to one poiut, or to a very short length, 
as by turning a narrow groove in a round bur. By ao rer 
diioing the section the shripe is rendered unfavourable for 
drawing out, and the specimen is more liable to suap than 
when the minimum sectional area ia uniform for at least fivA 

In all cases where the elongation and reduction of tha 
fractured area are lessened by cold rolling, hammering, altering 
the shape of test- piece, or by applying the stmn suddenly, th4 
breaking load of the material will be increased iu proportioil 
to the increased area of fracture. 

For much of our knowlo'ige of the variation of strength iii 
hoilar plates aud bara at diffureiit tempjT.i'.viTeft ^e ata 'miaVrte^ 
A> tbm ozperfmeiits of %i W. EtuxWau. '^^^ 






8TEBL. 



4S 



tablM give the resolts of thafa, from whldi H mtif \m wmu ibM 
fRNB if to 400'' Fahr. the tenadtj of pUUn it prMticftlly 
uiforin. The difference between the utrvngth of wrtm^t 
iron and copper at ordinary working tempeniaree it rery •inkimi^ 
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The Staffordshire platee eiDf^jred in tfaeNw t«eU An n//i 
appear to have been of good qnalttj. The maximiim «tr4t>i(th 
of rivet iron — 39 tona^appeared to be attain«d at a Vt^^y^X' 
tore of 320^. This is a^iore the \mukytinxnrn at wbM;h \\m 
mean strength of the plates — 20 j tons — was attahwd ; littU t/t 
no change is observable in the strength of the plates, wUlst ttiat 
of the bars is increased nearij one-half. 



Steel is popnlaiij described as iron Y^Mtng a myi-pfmiu/n 
between cast and wrought iron with respect to the Moi/uui of 
carbon it contains, cast iron having from 6 to 2 p^ Cfmt, of 
carbon, steel from 2 to ^ per cent, whilst wroaght iron has a 
percentage varjing from i to i. 

It is bei»ide the porpose of this work to in^inire dosel/ into 
the accnracy of the above description, bat it is bejond qnestion 
that the elimination from ordinarf csst iron of otbcrr ingre'Jientj^ 
besides the snrplos amount of carbon is essential for the pro- 
dncUon of good steeL 

To the intimate chemical union of this mediom amooni ^ 
carbon are uBujtJJjr ascribed the remark;<ble ^iaTactoCk««*\oa \r) 
wMMob ih0 Ajjgher cim gg rt oi MUel are diatinguisbed. Vi\iaX«^«x 
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iuflitFinoe the proneuce of otbor iagredieiita may have upm it» 
qatility, il bus been iiatuifaDtorilj Rhowu thitt the teDsile strength 
of Kleel is iiititnfitely connected with its degree of haniness, and 
hotb these properties are pmportioned ti the amount of oorbon 
in chemical combinat[on. Up to a curtaiu point, which Vftriea 
with the quality of the material, the tenacity of nteel may be 
said to inoiease with itn proportion of carbon. With Bessemer 
Hteel tbe greatest strength, ubout 70 tou4 per square mob, ia 
reikchmi when the carbon contained is about 1^ per cent., tbo 
elongation being then about 2^ p«r cent. Beyond this dpgrea 
of carbonisntion the steel becomes gradually weaker. When 
the contained carbon is about ^ pfT cent., the breaking weigllC 
is only about 30 tons per square inch, with an elongation of 
IB per cent. With less than | per cnnt. ISessemer steel will 
not temper, with more than | per cent, it will not w«ld, and the 
presence of more than 2 per cent, is said to render it uselen 
for forging. These amounts, however, vary with the qiulitf 
of the materia}, which is iufiuenced by rarions causes. 

Besidea tbe chemical distinction jnat mentioned, it is diffioult 
to name, without risk of contraiiiction, a single property 
common to all tbe various classes of metal that oome under the 
denomination steel, by which they may be distiuguiahsd from. 
wrought iron unless it be superior tensile and comprewiva 
strength combined with greater resilience anil a higher limit of 
elasticity, and even in there reapect.') the difference in aome 
exceptional cusea is not very marked. 

The higher classes of steel, which will harden and temper, 
and even weld in m>me casen, not being adapted for constructive 
purpoies do not call for (>pecial comment, and we shall restriot 
ourselves to the diBcus^ion of the properties belonging to tbOi 
milder qualities, whioh alone are fit for boiler mating. 

It was probably the high degree of tuJiacity and dnot^t]^ 
exhibited by too! and spring steel that first drew .ittention to' 
the advantages olTiired by this material for construotive pur- 
poses. Its high price, however, long stood in the way of ila 
beiug largely adopted, and this obstacle was only removed by 
the introduction of aevr method" of mrtnufacture, which can oi 
yet be termed improvements only with ro'^pect to their com-' 
mercial Kiiecess, and not as affecting the quality of tbe matsdal' 

According to the mode of manufacture, the muterial il^ 

desj)>nated crucible cast steel, Sessemer xteel, and puddled steel.' 

Homogeiieona metnl is a Uvud rA m\\4 owA ».'u«V The but 

*ud pJatea of tbia und the two &wt menftoweA 
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nade firom a smgle ingot ; but in paddled steel they are com- 
)osed of many small pieces piled and welded together like 
)iiddled-irony and are consequeuUy liable to the same defects. 

In comparing the properties of steel and iron plates there can 
ye no dispute that the nature of the processes employed iu the 
production of cast-steel \b immensely superior to that employed 
n the manufacture of wrought iron fur ensuring a uniform 
^xture in the material. Cast-steel plates made from a fluid 
nass run into a single ingot, and well worked under the hammer, 
ire likely to be perfectly homogeneous and free from the im- 
l>erfect welds and internal defeats caused by the presence of 
cdnder and slag, found even in the best puddled-iron, which 
being built up of numerous small pieces, all more or less pro- 
perly welded together, is entirely dependent upon the skill and 
care exercised in its production, for its homogeneity and freedom 
from lamination, blisters and other defects, internal and super- 
ficiaL It must, however, be admitted that the homogeneity of 
a bar or plate of cast steel is frequently far less perfect than we 
might expect, and with the best mild steel, although we may 
generally rely upon uniformity of character in any single plate, 
the same uniformity of quality and character running through 
a considerable number of plates cannot be generally obtained. 

Notwithstanding its superiority in tensile strength and other 
properties, steel is as yet in comparatively small requ^t for 
boiler-making. The feeling that still prevails against its em- 
ployment cannot be attributed to the existence of any inherent 
defect iu the nature of the material, revealed by the trying ordeal 
of actual work in a boiler, as is known to be the case with cast 
iron. No doubt many absurd objections are still heard against 
the employment of steel plates, such, for instance, as that it 
expands and contracts to such a degree on the application and 
withdrawal of heat as to render it un6t for boiler furnaces ; 
that on heating it warps and twists so much that it cannot be 
used where the plates require to be worked hot, or that it is 
liable to fracture at any moment without warning and without 
any known cause. 

That there is still a certain amount of treachery in steel 
plates when subject to blows and sudden strains cannot be 
denied, but when dosely inquired into the prejudice against 
it appears to have grown out of the distrust caused by the occa- 
sional &Uure of the hard steel plates employed at the time of 
the intradactioD of this material for boileT-maViii^ «ai\ ^kl^ 
bmJdiDg, wbeu itB properties were not bo weW \maLfeT«.V>o^ ^ ^\ 
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present. Tha desire to take advantage of their higli ienflb 
fitrength led to the employment of plates of bo bard a quality tt 
we now know oouM not be otherwise than brittle and uutnub 
worthy. It has been foaiid by eiperieuce with different quitlt' 
ties that in nteel plates tonghness ix incompatible with 
tensile strength, and these two qualities may be conBicIi^i?d tf 
being in the inverse ratio to each other. If we inaist upon 
having a teuaile strength of 40 tons and upwards, 
be prepared to hnd a steel hard and brittle, and therefore 
not adapted for boiler- making. In order to ensure freedom 
from brittlenesa, from 33 to 30 tons per Hijuare inch appears to 
be the maximnm tennile strength that can be allowed. SCeeT 
plates of this (itrength can be made KufBciently tough and 
dnutOe to render them safe and also tolerably easily workedi 
This latter is a most important con<Jit[ou, on which depends ID 
no small degree the commercial success of the material fbl 
boiler-making. 

There can be little doubt thnt the use of steel for boiler 
plates has been letardtd by the want of knowledge of 
properties and the conseqiieut difficulty sometimes met with ia 
working it. The rexuU of this Is a disposition on the part 
the great majority of boUer-makers to avoid using it as mviA. 
as possible. 

Good eteel plates, even of the mildest quality, are affected 
fire in quite a difierent manner from iron plates. This ex 
cises an important inQuence on tbeir hehaviimr when submitted 
to the operation of flanging and bending at a high tempfraton). 
In flunging wrought iron it is uecesBary to heat only a 
length of the plate at a time, bub with steel it is advisable tdi 
heat a much larger portion of the plate than can be worked bf 
the ordinary slow process of flanging at each heating, in o; 
to prevent injury. Indeed, it is much better to complete 
flanging at one or at most two heatings, operating gradually 
to the same degree on the whole extent of the part to ba 
flanged. This con, of course, in the majority of 
only by special machinery, which is now being more extensively 
introduced into boiler-works for the purpose. After auoh an 
operation is completed, the steel plate cannot be trusted tif 
stand rough usage at the part that has been liighly heated, 
is, therefore, advisable to aimeal it in order to restore its toDgt 
negB, The pwoefs of annealing consists in slowly heating 
p/ata to a dull red heat, aTiil nWowwig i^ to ' 
**«/ uniforiuly. Immersion in fine BAbea 
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adopted for ibis purpoRe, but care must be taken tbat the plate 
be not 80 highly heated when the immersion takeft place, as to 
iiidaoe a chemical change in its properties when in contact with 
the non-conducting substance. The appearance of the plate 
is sometimes impaired by annealing, and when required to be 
extensively applied the process of annealing becomes an expen* 
aye one. 

In working a steel plate cold, care should be taken that there 
are no flaws or cracks, as, except in the very mildest qualities, 
they are liable to cause fracture. When bent cold, or subject 
to severe straining or jarring, even a ragged edge has a tendency 
to make the plate snap or break suddenly. This phenomeuon 
is also common to the harder and more brittle descriptions of 
wrought iron, but in a less degree. For this reason, in working 
cold or bending cast steel plates, ef^pecially if at all hard or 
onannealed, all sharp edges and rags left by punching, shearing, 
or chipping should be carefully removed. 

As an instance of the special treatment required by steel, it 
may be meutioned that in hammering down a screwed stay-bolt- 
end of steel, with the thread left on, there is a risk of producing 
foliation, which renders the head liable to snap off. To guard 
against this, it is advisable to turn the thread off the end of the 
stay-bolt, which enables it to be riveted over successfully. 

Respecting the effect of punching on steel plates, we have no 
lack of experiments to show how plates of different qualities are 
affected by this process. It may be here remarked that it is 
mostly to the researches of shipbuilders that boiler-makers are in- 
debted for exact experimental knowledge of the properties of steel 
plates. One of the principal results obtained, both from experi- 
menta and experience of the material in actual riveted work, is 
that steel plates of average suitable quality are more injured 
than wrought- iron plates by punching. Boughly speaking, the 
injury is in proportion to their hardness. For this reason most 
makers of steel boilers have abandoned punching in favour of 
drilling, and with satisfactory results. 

The increased expense of drilliug plates for shipbuilding led 
to attempts to discover some means of obviating the injurious 
effects of the punch, and annealing was found to restore the 
toughness of the punched cast-steel plate, if not entirely at least 
to some extent. 

Some tedts were conducted by Mr. Sharp, of Bolton^ on th« 
comparativa strength of drilled and punched YioVeft, ^\kft\i ^Sfikft 
remit was found to be /or an ayerage of three tna\^ 4^ ^t c«\i^ 
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in favour of drilling. The plates ware BesBemBr Rteel -j-^j' thick, 
three being drilli^d, and throe punched with |" hole^ at IV 
cuutres. The aTeraqe breakicg atrengths wera respeclircJf 
36-25 toQH and 24*33 tons per «qaare inch. 

la some experimeuts od the streii^h of pimchud liteel plates, 
conducted by Mr. Banjaby, at Cliatham, the averiige ultimate 
strength of 8 unaanealed i" platea «&n found to be but 21 toiw 
per square inch, whereas 8 Bunilar plates, after annealing, had 
an average strength of 321- tons, being an iucrtase of about 
65 per cent, or 1 1 ^ tons per square inch. To euaare uniformitf 
of qiinlitj in the teat pieces, eight 1^' plates were punched with 
four ^^ holes, and then cut in two, making twd strips from eMih 
plate for testing, oiilj one of which was auuealed. 

The aunealed strips showed a much gruater uniformity of 
resistance than the others, the ranges of strength being re- 
spectivelj 5^ tons and 9^ tans. The furmer also bore theiuual 
tests of cold bending much better than the latter. 

The clearance of the die has ulso been found to influence the 
etresgth of the plate after puncliiiig. 

Mr. Sharp found, as tlie result of four experiments with 
-1^" holes punched in a ^'' iinaunealed plate, that when the 
clearance was ^^', tantamount to a con^ideruble countersisk, 
the plate w.ts 25 per cent, stronger than when the die wasoulf 
■jij-" larger than the punch. 

Some further experiments recorded bj Mr. B. J. Reid, tar 
aneertaining to what extent this elfect could be reliad upon, 
were made with ^'' Bessemer steel plates puncheil with J' holes. 
Four of the test pieces had -J^' and four h:td -j'j' taper in ths 
holes. The gain of strength was about 10 per cent, in favom 
of the increased taper, Mr. Seid remarks that much of tlia 
injury done to Bessemer steel is due to the xtraiu at the under 
side of the hole. Indications of this in minute criicks may be 
detected on close examinatiou. A little increase in dearaoM 
removes thene, and gives the good result above indicated. 

The same authority givea aa account of some ezperimanta 
with J' puddled steel plates, 2T inches broad, haviug u 
average tenaile strength of 3]^ tons per square inch length- 
vise, and 27i tons across the tibre. The average strength boA 
ways was about four tons per square inch of nett section leal 
for punched than for drilled bolus, which were |° duimeler — 
eguivalent to a removal of nearly i the section of the strip* 

Jiirtber eiperiments witti atni^ 4V ^«v^e,^iwraii Vn^Af] 
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boles equal to a removal of rather more than one quarter the 
section, showed a loss of 6 tons per square inch of nett flection. 

Some experiments were made with eight strips of ^" pud- 
dled steel, 4*06 wide, with two ^" holes punched at equal 
distances from each other and the edges of the strip. Four 
of these pieces were annealed after punching, and four 
Rrere not. The results showed there was no gain from 
mnealing, exhibiting a marked difference from the Bessemer 
steel in this respect. The tensile strength was 34 and 30 j 
tons per square inch along and across the fibre. 

Eight tests with f " crucible cast -steel plates gave an average 
tensile strength of 26 '63 tons lengthwise, and 26*21 tons per 
Rquare inch across the fibre. Similar plates -j^' thick ex- 
hibited a gain in strength from annealing after being punched. 
The loss of tenacity by punching was, lengthwise and cross- 
wise respectively, 7 and 3f per cent. The ga\n of annealed 
over unannealed was 14 per cent, lengthwise and 12 per 
cent, crosswise. 

From the above results it will be seen that B(n3semer steel 
in punching sustains a very material amount of 'injury, and 
should therefore be either drilled or else annealed after the ope- 
ration, when punched. The puddled steel plates experimented 
upon did not suffer so much from punching, nor was their 
strength so fully restored by annealing. 

In consequence of their lower price, steel boiler plates are 
mostly made of Bessemer steel of the mildest quality, but 
crucible cast steel is also sometimes used. Their tensile 
strength cannot be taken at more than 33 tons and 36 tons 
respectively, or about 57 per cent, and 71 per cent, greater 
than wrought iron, the elongation being from 16 to 25 per 
cent, when the quality is good. A steel boiler-shell may 
therefore be made of plates at least one- third less in thick- 
uess than a similar shell of wrought iron, to ensure equal 
strength. But the reduction in thickness of the internal 
fluesy which are subject to a collapsing pressure, cannot be 
taken in the same proportion. In compressive strength and 
stiffness mild steel is indeed superior to wrought iron (the ratio 
being about the same as for the tenacity) ; but in estimating 
the collapsing pressure of a furnace-tube of ordinary dimensions 
we shall find that, for a given pressure, the thickness cannot 
be reduced more than about one-sixth, if we substitute steel 
for iron, which gives us y^" instead of i" p'lalea. 
la £trour of the ateel, however, it may "be xemaxV^^ >5aa^ 
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the wasting caused hy the aotion of the teat ia the famaca it 
less in thiu thau in think platea. For thia reisou, and aUo oai' 
account of the hardneaa of the ateet reaihting abrasion better,! 
steel platea are more durable than iron. | 

Besides the weight saved by uaing steel, — often a most im-l 
portant consideration, — it may be urged that the tliinaer plateJ 
will conduct the heat more rapidly, and give a oorrespcndinJ 
superior evaporative efSciency. This superiority is not, atiiotln 
■peaking, in proportion to the reduction of thickness, the relirJ 
tive conducting powers of steel and iron being about 218 aniU 
344. In the case of an internal flue-tube the gain and losi] 
would be about equal. But, as we ahall see in the chapter an] 
Htating Surfaces, we cannot reckon upon any gain in eTapota-j 
tire efBcieiicy by using a slightly thinner and better conducting] 
material. ] 

The effects of corrosion on steel boiler plates will be eon- ] 
Bidered iu ita place, along witli the wear and tear of boilert. It I 
may, however, be here observed that, if the corrosion aciaj 
equally on both materials, the strength of a. thin plate will] 
suffer more proportionately than a thicker one. 

Elzperimenta on the strength of steel riveted joints conducted j 
and recorded by Mr. Kirkaldy seem to prove that for the aiee i 
of rivet a greater diameter than double the thickness of the 
plate is required for riveting in steel with plates of the thick- 
ness and great tensile strength of those used in the eiperimenta. 
The platea tested were all -fg' thick by 3' broad, having a 
tensUe strength of 43|^ toua. Some were in their usnal soft 
state, and others were hardened iu oiL In the former two -Jj* 
rivets failed by shearing, and with two -fg" riveta the plate was 
torn across in two instances with a loaa of 45'6 and 4t{'5 per 
cent, of tenacity compared with the solid plate. This shows 
a loBS of strength in the nott aection equal to about 7 '2 pel 
cent. Iu the hardened platea -j'g" and ^" riveta were sheared ■ 
through. With a load only 15*9 per cent, less than that boms 
by the entire aoft plate, the hardened plate cut through one -J^* 
rivet, whilst the other remained good, the plate corner tearing^ 
off. These eiperimenta, taken together with Fairbaim's on iroai 
plates, show that in a aingle-riveted joint, with the rivets jostj 
large enough to fail before the plates, the losa of atrength faeuti 
about the same proportion to the strength of the solid plate 
whether the joint be of iron or steel ; al-o that hot rivets do ' 
1^ reduce the sirength of the plaie, and that the plates hard- 
mied in oil And joined togethei wU^l tWa^A «xft ia\q «qci^ ta 
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rtrengih to UDJointed soft plates having the ■ame gross sectioual 
area. 

The hardening in oQ was found not only to harden, but al»o 
to considerably toughen the steeL Hardening in water reiiuced 
the strength. In these experiments the breaking weight of the 
rivet steel bar was about 38^ tons per square inch, and the 
mean shearing strength of the rivets in the joint was about 
28^ tons, or 26*2 per cent, less than the tensile strength. 
Respecting the results of these experiments, it may be observed 
that the plates were of harder steel than can be trusted for 
boiler-making, and the gain in strength by hardening in oil was 
probably greater than would be found in using milder steel 
which does not temper. The plates also appear to have been 
considerably stronger than the rivets, which may in some mea- 
sure account for the disproportionately large area it was found 
necessary to allow them. 

Experience has shown that much greater care is required in 
heating steel rivets not to injure them, than is necessary when 
iron rivets are used, and they should be hammered down quickly 
before they have time to cool, and closing up by machine is 
preferable to hand riveting when steel rivets are used. 

The use of any but the mildest steel should be avoided, as 
rivets of high steel sometimes become so hard after closing up 
that it is impossible to remove them when repairs are required. 
This is probably owing to the effect of some chill they receive 
in cooling, as might be caused by the water dropping on them, 
which is sometimes used for keeping the cup cool in machine 
riveting. The heads are readily enough knocked off, but the 
shanks will sometimes resist the hardest drill, necessitating the 
cutting out of the plates. The heads of steel rivets, if not 
carefully worked, are more liable to fall off than those of iron, 
by jars, careless caulking, or rough usage. 

It is owing to the above difficulties that the use of steel rivets 
has been altogether given up by some boiler-makers, who prefer 
using iron rivets with steel plates. The usual pitch and 
diameter of rivets is in these cases generally adhered ta It is, 
however, advisable to reduce the pitch slightly, and to use a 
larger number of smaller rivets, to ensure tightness. In wrought- 
iron doable-riveted lap joints and double-fished butt joints, 
with either single or double riveting, the strength of the rivets 
is usnally in excess of that of the plates up ta ^^ iw tVi\ckTv^%»<^. 
By using the sBme size and pitch of rivets witii ateeV pVoA/b"^ ^X\!6 
equally in Btrengtb is more nearly attained. 
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Mr. Kirkaldy records two experiments on the strengtli of 
welded steel bars. The results were very unsatisfactory, one 
bar breaking with a loss of 45 and the other of 59*6 per cent. 
Two other bars parted at the weld during the operation of form- 
ing the heads for testing. As the tensile strength of the un- 
welded steel bar was about 50^ tons, it would not be so 
favourable for welding soundly as one of milder steeL It is 
considered that Bessemer steel having a tenacity of from 35 to 
45 tons both tempers and welds badly. With a less strength 
it will not temper, but can be welded ; and with a greater 
tenacity it will not weld, but tempers welL 

The following tests are those given by Oammell and Oa for 
steel plates : — 

Forge test (hot). — All plates one inch thick and under to 
bend hot without fracture to an angle of 180% both lengthwise 
and across the grain. 

Forge test (cold). — ^All plates will admit of bending cold with- 
out fracture as follows : — 

Bessemer plates : — tensile strength lengthwise 33 tons per square 

inch. 
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Crucible cast- steel plates : — tensile stre^igth lengthwise 38 tons per 

square inch. 
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CHAPTER IV. 

RIYETIXG. 

Until boiler-shells and tubes of large diameter can be 
rolled from a solid block like tyres, or drawn solid like small 
tubes, the edges of both iron and steel boiler plates require to 
be joined either by welding or riveting. 

But few if any engineers are now to be met with who would 
venture to maintain that the riveted lap-joints of a new boiler 
are stronger than the entire plate ; yet this was the current 
opinion some forty years ago, however incredible it may now 
appear. It was only after numerous direct experiments had 
proved its fallacy that the error was abandoned. By what 
show of reasoning this view was arrived at, it is difficult to con- 
ceive. Perhaps the union of the plates was regarded as perfect ; 
and then the conclusion would naturally follow, that the double 
thickness was stronger than the single. The nip of the rivet 
in cooling may have been accredited with a greater value than 
we are now inclined to assign to it 

Generally speaking, the riveted joints are the weakest portion 
of a new boiler, when there are no large unstrengthened dome 
or man-holes. Since the strength of a structure must be mea- 
sured by its weakest part, — the strength of a chain by its weakest 
link, — the subject of riveting becomes all important. 

Biveted joints are of various descriptions : those we are con- 
cerned with are designated single and double riveted lap-joints, 
single and double riveted butt-joints. The latter are made 
with either a single or double covering-strip, welt, or fish- plate, 
as the piece joining the plates is variously called. Double- 
riveted joints, both lap and butt, may have their rivets arranged 
one. row directly behind the other, called chain riveting, or in 
zigzag fashion, which is most common and the best for boiler- 
making. 

The rivets themselves are of various descriptions, or rather 
their heads are made in various forms. There is first, the ordi- 
nary conical or pointed head, which is formed by knocking 
down the point with Hght hammers. Thva nYia^Q \^ vvX^^vcj^ 
employed where the space available for bammeTVii^ ^o^^vw NX^' 



point is limited, as when effecting repairs vith tlie boiler on iti 
teat. Although to Home eiteut employed in new wurk, it it 
not to well liked as formerly, there being iiotliiag to recommeiid 
it hut the facility of making and the shapely appearance it pn- 
seuta when well formed. The thiiineas of tho collar renders il 
more vulnerable than the Bnap huad when attacked by corro- 
sion. Tha height of the conical head Tariea in different works, 
but it should be made aliout equal to -|- the diameter of rivet. 
1 It is, however, commonly made too flat, ^ihiob, besides having 
' the defect of offering tittle material to withstand corroEdoD, 
frequently causes the head to be very brittle and eawly de- 
tached by a single blow from K baud hammer. Thia britUeneaa 
is probably caused by the sudden cooling of the small quantity 
of iron for the poiot when inserted in the hole and flattened 
out, together with the amount of cold hammering the iron n- 
ceives in finishing. 

The snap or cup head is the best, and is formed by roughly 
hammering down the point ; the form of the head being c 
pleted by holding a cup-shaped die on it, which ia struck with 
a heavy hammer. The height of the Buapbead should be about 
i the diameter of riret, but it varies considerably, being from 
■i to i the diameter. The diameter of the head also vaiieai 
siderably ; the usual custom is to make the shoulder t 
■j*^" to -^f" for rivets from ^" to ^" diamtter. 

Most makers avoid making the bottom of the head eylindiioal 
or parallel, but briog it to a ebarp edge to facilitate caulking. 
This shape ia the best for macbiue riveting, where the edge of 
the head cannot bo finished off as iu aupping by hand, hut 
usually requires to be subsequently dressed and caulked. 

The countersunk head ia formed by hammering down the 

poiot into the conical hole prepared for it ; it is then usually 

' dressed off with a chisel and hsmmer, Although extcnaiTdy 

used in ship- building, its employment in boDer-making i 

' almost limited to canes where even surfaDes are required fbi 

mountings, &c 

Countersinking should always be avoided in riveting angle- 
irons, ssddle-plates, or brackets, employed fur st-curiug stays, 
or wherever the force acts in the direction of the lungth of tha 
rivet. Not only ia the counteTsinking liable to leak under 
oircum stances, but the head has a very iriFiecnre hold of the 
plate, and is liable to be drawn through the bole by a 
Aw presaum thAU is rec[iiired to tear t\ie rv^aS. awmiet. 
attf aUoviuiee msda W the leugih ol fea xv"Jfc fe«<« 
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the head should be about H times the diameter for snap and 
oonical heads, and about equal to the diameter for countersuuk 
heads. In machine riveting the length requires to be i' to i" 
more than the above. 

The tails of the rivets are generally made pan or flat shaped, 
except in machine riveting, where the cup or similar form is 
almost invariably employed. 

In making the ditferent-shaped heads the rivets may be closed 
up either hot or cold : the latter method is said to be employed 
to some extent in the United States, but very rarely in this 
country. The closing up may be effected either by hand or by 
machine worked by steam, water, or compressed-air power. 

Machine riveting upsets the rivet and closes up the hole 
better than hand riveting, as the dead heaVy pressure is exerted 
through the whole mass of the rivet, and the effect is not con- 
centrated upon the point as it must be with a succession of light 
sharp blows from a hammer. The evil of the rivet not filling 
the hole well is sometimes aggravated in hand work by the 
blo¥rs being dealt on the circumference of the point, in order 
to form a shoulder speedily to resist the hammering, instead of 
letting them fall dead on the point, which should tend to make 
the rivet first fill the hole before the shoulder is formed. 

The possible disadvantage of machine riveting is that the 
plates may not be nipped tightly together, and the rivet may 
be squeezed out between them, causing a permanent separation 
of the surfaces which should be in contact. The pressure of 
the machine not coming on to the plates until the hole has 
been filled, is sometimes not so effective in closing the joint as 
the lighter pressure brought upon the plates in hand riveting, 
where the men drop a few blows round the hole before operating 
on the rivet in order to set the plates close together. 

Hydraulic riveting is more gradual, and is generally prefer- 
able to steam riveting, the pressure from which often comes 
upon the rivet with a violent blow, and does not allow time for 
the rivet to fill the hole so well as with the former method ; but 
it is still preferable to hand riveting, although the appearance 
of the last is the most pleasing to the eye. 

As the result of numerous experiments by different authori- 
ties, the average tensUe strength of good rivet iron may be taken 
at 24 or 25 tons per square inch. It is but seldom, however, 
that the tensile strength of a rivet is taxed in & boVLax ^TL^ie^t in. 
tlie £at end plate, mouuting and stay attac\vmQTi\>^) Vsvet^ "Osi^ 
stress tends to tear off the heads. In a \a.p iom\. ^tA im^'^- 
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fished butt joint the force pnlling the plates asunder tends io 
shear the rivets through in one place only, in the direction of 
its diameter, — this is called a single shear. In a double^fished 
butt joint the rivet is exposed to a double shear, as the plates 
in parting asunder tend to cut the rivet through in two places. 

It has been determined by experiment that the ultimate re- 
sistance to shearing is proportional to the area of the rivet, and 
is practically the same as the ultimate resistance to a direct 
longitudinal tensile stress, or 25 tons per square inch. As a rivet 
in double shear offers twice the area to resist breaking that it 
does in single shear, it should evidently be twice as strong in 
the former case as in the latter. The above cannot, however, 
be regarded as the shearing resistance of a rivet in actual boiler 
work, where its strength is affected by the heating and hammer- 
ing down to fill the hole and to form the head, and in the 
second place by the tension produced by contraction in cooling. 

In some experiments undertaken for the Admiralty at Ghat- 
ham f " rivets of best Yorkshire iron were found to have a mean 
single shearing strength of 10 tons each (a fact easily remem- 
bered, and of some use, as f" is a very common size for 
boiler rivets), and a double-shearing strength of 18 tons. These 
strengths correspond respectively to about 22j tons and 20J 
tons per square inch of sectional area sheared through. Mr. 
Doyne found the strength of rivets of various sizes and descrip- 
tions in ordinary riveted work averaged 18*82 tons for single 
shear and 17 tons for double shear per square inch of sectional 
area. The longitudinal tensile strength of the rivet not being 
given, we are unable to estimate the loss of strength due to 
riveting up. 

The shearing strength of iron rivets with thin steel plates 
has been found to be less than with iron plates- of the same 
strength. This is probably due to the harder steel cutting into 
the iron of the rivet. The average of eight experiments by 
Mr. Sharp with steel plates and iron rivets gave 18*68 tons per 
square inch. 

We may safely take the strength of the rivet as equal to the 
tensile strength of the plate, or 21 tons per square inch for 
either single or double shear. 

It is obvious that the contraction of the rivet in cooling must 

press the plates between the heads closely together. The 

tension thus caused, although affecting the shearing strength of 

the rivet, must add materially to tlie a\,teiioVXi a.w^ \A^\.\i^'«^ ^1 

tlie Joint Mr. E. Clark, in Ms work on xV^ ^xv\.wim3a» ^sA 
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Gonway Tubular Bridges, gives an account of some interesting 
experiments to ascertain the amount of friction caused by the 
contraction of rivets in cooling, accompanied by some excvlleut 
remarks : — 

« The contraction of a wrought-iron rod in cooling is about 
equivalent to yTj^^^x of its length from a decrease of temperature 
of 15^ Fahrenheit, and the strain thus induced ib about 1 ton 
for every square iuch of sectional area in the bar. Thus, if a 
rivet 1 inch in Fection were closed at a temperature of 900% 
it would, in cooling, decrease in length -Yi^o^au ^^ ^^ length, 
and, if its elasticity and strength remained perfect, would pro- 
duce a tension of 60 tons. The ultimate strength of rivet iron, 
however, being only 24 tons, the rivet would, in cooling, bo 
permanently elongated, and would continue when cool to exert 
a tension of 24 tons, provided its elasticity remain uninjured 
by the strain. ThuR, if the rivet were not in contact with tlio 
plates, excepting at the head and tail, the plates would be held 
together by a pressure of 24 tons, and this friction would have 
to be overcome before the rivet came into action as a mere piii. 

'^ The following experiments were made to ascertain the 
value of friction induced by this cooling and consequent con- 
traction of the rivets, and the force requisite to slide the plates 
over each other. For this purpose three |-inch plates were 
riveted together with a single ^inch rivet, but the hole in the 
centre-plate was oval, and very much larger than the rivet, 
being 2^ inches in its longest diameter. Weights were sus- 
pended from the centre-plate until it slipped and bore upon the 
rivet ; it supported 5 '5 9 tons before it began to slide, which it 
did abruptly. 

"The experiment was repeated with the addition of an 
^-inch plate of iron riveted on each side, between the Iieads of 
the rivet and the plates, making the shank of the rivet 
2^ inches long ; 4 '4T tons caused the plates to slide. 

"The last rivet having been found faulty, the experiment 
was repeated exactly as before, and the plates sustained 
7*94 tons before they slipped. 

** In the next experiment a ^inch rivet was inserted through 
two -f^ " plates, with large holes, with a ^V'^^^^ washer on each 
side next the rivet-head. This combination supported 4 '7 3 tons 
before it gave way.*' 

In his work on "Ship-building," Mr. E. J. "Ree^ T^«5at^'^ 
some eTLpeiimenta of a more detailed description Wia.xv \iJcka&^ ^^ 
Mn dark. 
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"Three platoa were nnitad fcj what is known as a 'chain- 
joiiit ' — that is, the entla of the two outer platen overlapped the 
end of the middle plate. Th« couueetion of the platos was 
made hj three rivets passing tlirou<;h the lap, the rivet-holea in 
the outer plates being filled by the rivets, but the bearing sur- 
face of the holes in the middle plat^ being slotted out, as 
shown in the sketch (Gg. 2). It will thaa be obvious that 
when a tuDaile strain was brought 
upon the middle plate, the amount 
of the friction could be measured 
hj the force ju^t able to produce 
a. sliding motion. The breadth of 
the lap was three diameters, the 
rivets were a dbmeter clear of the 
edge of the plates, and their pitch 
was four diameters. There were two 
sets af expecimecis made with tmn 
plates au<l ri7titH, ami in each set 
two expariniBiita were made with 
rivets having heads and points inap 
headed ; two others with rivets having 
pan beads and conical poiuti ; and 
the remaining two with liveta having 
oount«rBunk heads and poiuts. ISie 
eiputimeiita were made in duplicate, 
in order to reduce the chance of error. The first set of experi- 
ments were made with i-iuuh pliites, 8j inches wide, the rivets 
being ^ inch. The results were ua follows : — 




^.^.,.„ 


Friction per Ri™t. | 


^.,lt^U 


Eip^muit, 


Me™. 


Snap hcEuls unci poiats . . 
pBti hcuili' anit conical points . 
GuauterBunk beiuls and points. 
Mean of the three . 


s-'u' 

5-S6 
4-5li 


Tonn. 
4'21 
4'ai 
3-74 


Ton* 
467 
fi-0 

4-lB 
4-61 



The second set oFexperimeats were made with plates 11 inches 
irlda and ^inch thick, the rivets used being 1 inch diametBr. 

Tbs following results were ottaineil raiiat \.\ib aJwie-tSalwi 

Vadititna of pitch of riveta, Up, &.I. : — 
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Description of Bivet 


Frietioo per Rivet. 


EzperimcBt, Experiment. 


Snap heads and pobts . . 
Pan heads and conical points . 
Countersunk heads and points • 
Mean of the three . 


Tons. 
5*84 
6-87 
4-66 

• •• 


Tons. 
5-64 
7-24 
4-09 

• •• 


To M. 

57 

4-^3 ; 

5-5 



**In addition to these experimentB with iron plates and 
rivets, two other sets of experiments were made with steel 
plates and rivets of exactly the same dimennons as those used 
in the former experiments, the pitch of rivets, breadth of lap, 
&G., being in each case identical with those previoa>l7 giveu. 
With ^-inch plates and ^inch rivets, the resolts obtained were 
as folloirs : — 



Description of Biyetk 


Friction per Biret. 


1st 
Experiment 


2Dd 
Experiment. 

Tons. 
409 
4-79 
8-43 

• •• 


Mean. 


Snap heads and points • • 
Pan heads and conical points . 
Countersunk heads and points . 
Mean of the three . 


Tods. 
386 
4-79 
363 

• •• 


Tuns. 

3-9S 

4-79 

353 

4-1 

1 
1 



With ^inoh plates and 1-inch rivets, the following result? 
were obtidned : — 



Description of Biret 


Friction per Rivot 


1st 
Experiment 


2ud 
Experiment 


Mean. 


Snap heads and points . . 
Pan heads and conical points . 
Goantersunk beads and points . 
Mean of the three . 


Tons. 
6-43 
6-49 
514 

• • • 


Tons. 

5-49 

None made. 

4-91 


Tons. 
5.96 
5-49 
5-02 
6-49 



"It tbuB appears thai rivets witlv pasi\wi«A% Wi^ c.wjikRa'^ 
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poiuta have the advajitiige over both the other iJescriptiolM ot 
riveting. The only exception to this is fouiid in Ibe second 
(Hit uf the ezperimentB nith ste-el plates and rivets ; bat, u onlj 
one eiperimeut nan made, the renult cannot be relied on. It 
also becomoG eviiieut that connter^nnk riveting c^iuaes mooh 
le«a fiictiou than the other systems. On comparisoD, it nil! be 
seen that iu nearly all cases steel plates and rivets give laas 
frictioa than iron, tha only eiception bring tha cases of riTeti 
with snap heads and points, and those wltU couuteisuuk heads 
and poinb!^, in the same set <i( eiperimeiits. The former of 
these exceptions is scarcely irorth notice, as the ditTerence is so 
snialL The use of larger rivets witb the same pitch, &c., gives 
an increase in the friction, but no law of increase appears to be 
couforvned to. 

" Altliou^h these experiments do not give any definite idea 
of the probable amount of friction wliich would result from, tha 
use of rirets having different diameters and pitch, they yet 
serve to fhow how much the strength of a riveted joint is 
increased by tbo contraction of the rivets." 

Now, if we take the coefEcient of friction of wrought iron 
upon wrought iron at '18, and assume the rivets to act with 
the full tension of 24 tons per square inch of section in squeez- 
ing the plates together, we should require 4'3 tons weight per 
square inob of rivet to overcome the friction of the two surfaoeg. 
Tbe high resulta obtained from, the experiments were probably 
due to the inequalities and dirt on the surfaces of the plates in 
contact, which would materially increase the friction. 

It must not, however, be concluded that the value of a rivet 
it to be determined by adding to its sbeariug strength the 
amount of friction between the plates produced by its controc- 
tion iu cooling. Althuugb these two elements of strength act 
together in a well-filled hnle, they cannot be considered u 
acting independently. Wliatever gain is obtiiiiied by the oon- 
structiuu is to some exttint counterbalanced by the loss of 
strength due to the tension on the rivet. 

The manner in which a severe tensile strain aStcts a lap joint 
by pulling it athwart the line of strain (fig. 7, page 69), muit 
also tend to diminish tlie frictioii of the plateE<. Long before the 
ulumate resistance of the joint is reached, especiBlIy with single 
riveting, the friction of the plates must be greatly diminished, 
and cannot bo regarded as materially influencing the ultimate 
aiivugtb of tha joint. 
Jn old boilera it is jprobabVe 'ittiA ^ba tqiuAUu qIl ^^« Tin 
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becomea gradually eased by the continnal Btraining and altera- 
tion of tocBpeniture, which will in time affect the nature of the 
iron. The frictiou may not, however, be dimiuiahed in the 
lame proportion, as we may expect the contact of the surfikcea 
to become more perfect after long wear together. 

There can be no doubt that severe caulking, as commonly 
practised, must tend to diminish the frictiou between the plates, 
especially when they are thin. The sketch (% 3) showa 

Fig. 8. 




the manner, somewhat eza^erated, in which the plates are 
forced apart by the caulking, when dona with a sat and heavy 
hammer. 

When the edge of the caulking tool is very thin, it is some- 
timea driven by careless workmen right into the Joint, wed^^ng 
it wide open. There should now no longer be necessity for 
severe caulking, since it has become the practice in aU good 
boiler worka to plane the edges of the plates. This not only leaves 
a better edge for light caulking, especially when it is slightly 
bevelled, but at the same time it eoablas a more uniform 
amount of lap from the centre of the hole to be maintained 
thin when the edges were dressed by hand, and conduces 
greatly to the facility of making a tight joint 
, In trying situationn, where it is difficult to keep a joint 
tight, too much lap is decidedly worse than a slight deficiency. 
One and a half times the diameter from the ceutre of the rivet 
to the edge of the plate is found sufficient in every case. 

Severe and careless caulking has mure to answer for than is 
mmmouly ntppoaed. On the inside of the ^joiXm S.\. olXjeCk 




hlcf, the fntctures of the plntes in explcted boilers oftan 
Ir the line of caulkiiig in pruferoiice to the line of rivat 
boles. 

The contraction of the rivet in cooling tnnat act tninHveraely 
u well as longLtndliiallj, luiil thus cause it to bI^ClJUle slnclc in 
the hole it CUed while hot. This shrinknge in the diameter is 
also increased \>j the tension due to langitudinal contraction. 
That the total xhrinkage from these canses is veiy nlight, ii 
xhowQ hy the difficulty aometimes found IQ di-<tinguiBbing the 
line between the rivet and plate in Epecimena of machiiie- 
riveted work, pliined down to exhibit the quality of the work- 
mansLip. 

It ia sometimes affirmed that the red-hot rivet acts injnri' 
ouaty on the iron round the hole in hard and steely- platen, 
OBpecially if cooled suddenly. For this reason, and also to 
obviate the teusional strain caused by the contraction of hot 
rivets, some engineers have advocated the use of cold riveting^ 
This certainly has the advantage of precluding the employnufflt 
oFallbiit the very best rivet iron, and of demanding that the hoUi 
ahiill coincide. On tbe other hand, it is said, cold hammering 
acts injuriously on the rivet-head ; and on this account, as we 
stated above, conical heads are falling into disuse. It is, how- 
ever, questionable whether the amount of hammering thit 
might damage bad iron would seriously affect iron of good 
quality. 

When the length of the rivet is considerable— as, for instaDce, 
in the joint at the fire-hole and fire-box founflation rings of 
Bome locomotive and vertical boilers— tbe contrnction in cooliog 
often aSects the strength of the rivet to an injurious degree, 
and draws off tLe bead. As the contraction should be propor- 
tionate to tbe length of tbe rivet, it is not very clear why the 
strength is aSected by the length, unhss the tension is concen- 
trated just beneath the point where the rivet remains longest 
hot 

Besides the shearing and stretching Btraius just conaidered, 
boiler rivets are exposed to other severe tests. The heads an 
liable to he knocked off eiteriinlly by tbe rough usiige in re* 
moTJng tbe boiler from the maker's. Inside, the beads are often 
detached by the careless use of bummers and picks in remariag 
incrustation. 

Tbe jarring effect from hnmmering, when the boiler ia undep- 
gomg repaint, frequently Tcsults in Aiitoc\wi^W\VL\tt Tvi«t-V,«id», 
aail »ben exposed to the action ot V\ib feTeXNifi-j BZ«''aKa^V*<^ 
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burnt, and are easily knocked off by a careless stoker. For 
these reasons alone, it is evident that rivets should be made of 
first-rate iron. Yet this is far from being the general practice, 
and the large quantities of rubbish that command a sale as 
boiler rivets is a proof of the greed, recklessness, and ignorance 
of the maker and purchaser of the boiler, the one being fre- 
quently no more blamable than the other. 

Whilst rivets of bad iron can often be detached by a few 
sharp blows with a light hammer, it requires from twelve to 
twenty powerful blows with a quarter- hammer to force off a 
•f-inch rivet-head. With indifferent iron, little or no distortion 
by the hammering is apparent ; but with very good iron the 
distortion is so great that the portion of the head operated upon 
yiiil be found flattened by the set, past the edge of the hole, 
before the iron in the shank yields. 

Rivet-holes may be punched or drilled. Both methods have 
their partizans, who persistently maintain the superiority of the 
Bystem they advocate over the jother. The usual arguments in 
favour of punching are a saving of from one-third to one-sixth of 
time and labour as compared with drilling — a most conclusive 
argument with the manufacturer, but it does not apply so 
strongly when multiple drilling-machines can be used. The 
shape of the punched hole, which is conoidal and slightly 
countersunk, is considered by many to be more favourable for 
tight work than a hole made by the drill, which is parallel or 
cylindricaL There are many boiler-yards not well provided with 
machinery, where even the roundness of drilled holes cannot be 
depended upon in the haste that accompanies most of the opera- 
tions in boiler-making. The punch leaves no burr behind it, as 
' the drill does, and which shoTild be dressed off, but is too often 
forgotten. When the overlapping plates are drilled together, 
the burr between them should always be removed, as it is liable 
to prevent their closing tightly to make a good joint. 

It is argued in favour of the drill, that the positions of the 
holes marked off from the overlapping plate can be preserved 
more faithfully with it than with the punch. This is, doubtless, 
a strong argument if it can be maintained, for these half-blind 
holes are the bane of boiler-making. But many affirm, and 
with good reason, that a careful and skilful workman can punch 
the holes as acciurately as they are likely to be drilled, unless 
both plates are pierced together. In some boileT:-'^Qi.rd& thi^ 
accuAMrr of ihe punched holes is ensured by t\ie \x"&^ ol ^ ^m^- 
McUn^ traveUer for feetling in the plate. ^W\i©ii t\i^ ^o«^^\cyaa. o'i 
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the lioles are marked bj a. ceatre'punch, the plan is sometiiSM 
adopted of fanaitig a verj small projtcttou Da the bottom of 
the punch, which cuiibles the ceiitrea of the holes in the plftts to 
be felt for, thereby ensuring as mnah accuracy as cau be claimed 
foT drilling. A somewhat queetjonable arguuieat in favour of 
drilled holes i«, that the rivets are more easily removed when 
Tepuirs are required. But the chief argument in favour of tha 
drill is, that it does not ij^jure tlie pktes like the punch. 

All kinds of boikrplateH, worthy of the uame, will bear pundi- 
ing, and ill the great wsjorityufciLBea without exhibiting anyindi- 
cations of injury from the ptoc(!B», when aubniittad to the ordinal? 
modes of acrutiuy. Yet theq-uulity of the plnte has aa important 
influenoe on its manusr of bearing tha severe treatment it undar- 
goeR at the pmioliing-macliit^e. Inferior and badly refined 
plates, being brittle, milierto ft much greater extent than those 
of better aud more ductile quality. In fact, punching a hole at 
the usual distiuice from the edge (one diumetur clear) in an in- 
ferior ship plate will often produce fracture. It is not always 
the very best brands that pass through the ordual of punchiug 
with tbe least injury. Some of the Best Yorkithii e plates aie of 
a hard and atuhbom nature, although ductile, aud possibly do 
not bear punching so well as some of tbe softer South Sta&bidr 

There is still a want of conclusive experimental evidenoe to 
decide the precise amount of injury plates of different quality 
aud thickness, with holes of different diameter, pitch, and dis- 
tance from edge, sustain in pimching. It is generally assumed 
that plates of fair quality, having a tenacity of 21 tons per 
square inch, cannot be relied upon to bear more than 16 or 17 
tons per square inch of section left between holes in ordinKiy 
steam-tight riveted joints, equivalent to about 24 anA 20 pal 
cent. loEis of strength. This is a maximum lo.'^s for hard plates 
of average boiler quality ; but many soft plates do not suffer 
more than from 4 to S per ceat. loss of strength with the holes 
punched a whole diameter clear of the edge, and at the aeoond 
row of rivets in double riveting do not suffer at all If the 
edge of the plate has been cut near the edge of the slab, it will be 
likely to suffer more iu punching than if cut some distance fron 
it. As the risk of dami^ing a plate by punchiug dimiuishea- 
as the distance of the liole fmm the edge icicreasen, some boiler- 
otrners who prefer punching to drilling specify their plat«B to^ 
he end about halt iiti inch larger aU tii>\w\ vVsm ftitni fLuiabid 
«ia% ia order to keep the holes fc ta^'e i^'.to-aPB iiom.'aafc <a 
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pQBching. The surplos material is sabsequently planed or 
dieBsed off. 

The Yiolence done to the plate may be seen more clearly by 
considering the force requisite to punch it. It has been found 
by experiment that the resiHtauce of a wrought-iron plate to 
punching is about the same as its resistance to tearing by a 
tensile strain. Takiug this at 21 tous per square inch, and 
regarding the resistance to the punch as measured, not by the 
area of the hole, but by the area of the metal separated, or the 
drctunference of the hole multiplie<l by the thickness of the 
plate, we have dX7rXtx2i= force, which just balances 
resistance to punching a hole of diameter d through a plate of 
thickness t. The resistance increases directly as the thickness of 
plate, diameter of hole, and strength of plate, and will be 
affected by the condition of the punch and clearance of the 
die. For a |-inch hole through a ^-iuch plate the force re- 
quired is about 24 1 tons. We can also readily find the 
greatest thickness of plate we can perforate with a punch of 
given diameter, or the least size of hole we can punch in a 
plate of given thickness, the compressive strength of the punch 
being given. Assuming this to be 100 tons per square inch, 
and the maximum resistance of wrought iron at 25 tons, we 
have the resistance of the plate =:2rX9rXtX 25, and the 
resistance of the punch to crushing = r' x ?r X 100. It is 
evident that when t = 2 r, or diameter of hole, the two resist- 
ances are equal. We find, therefore, that when the compressive 
strength of the punch is just over four times as great as the 
tearing strength of the plate, it will just perforate a hole of a 
diameter equal to the thickness. If the thickness of plate be 
greater than the diameter of hole the punch must be stronger, 
or the plate weaker, than we have assumed, or the hole cannot 
be punched. In practice, it is rarely if ever attempted to punch 
a hole less in diameter than the thickness of the plate. An 
inch and a quarter hole through an inch and a quarter plate is 
what a good machine should have power to punch. 

The holes are punched slightly larger than the diameter of 
the rivet, to allow its easy insertion when red hot. For ^inch 
rivets a bare -^^ inch in diameter is commonly allowed. This 
increase of diameter should obviously increase with the size of 
rivet. The punch should be formed slightly largest in diameter 
at the face, which is best made somewhat concave, ta\AieT \}ti'8i.XL 
flat or convex, to make a clean cut. The ho\« in V\i» ^Aft V^ 
alwsjrs made somewhat larger iha.n the pmicYi, to \ek^^^ii >iJ^'8> 



frictioD and to nllow the wad or burr, as the piece of iron ii 
called, to be forceil out more reaMilj than if the die ware 
exact fit, The leas the clearan ce betweeii the punob and the 
die, the gr<;ater the distress of the plate. The didereuce i 
siee between the punch aud the die is the cause of the conical 
shape of the punched hole. The sizes are usually iu the latio 
of from 1 ; 1 '1 to 1 : 1 '2. £7 increoaiug the size of the die snf- 
fieiently the boles can be made countersunk through the whole 
tbickneas of plate. Advantage is aometimes taken of this i 
ship-building. The plates are put together so that the small 
euda of the holes are inside (fig. i). The rivet is formed with 



Fig. i 



Fig. 5. 





a taper next the head (fig, 4), which fills the conical hole in one 
plate, and the bole iu the other plate is filled bj hammering 
down the rivet By this means the holes are more likely to be 
completely filled up, 
' It is nsually understood tb&t boiler plates with punched holes 
' are always arranged with the holes lying together as in fig. G, 
and an importance is attached to this arrangement which haa, 
perhaps, been somewhat overrated. Where the steel drift 
s employed (aud where is its use altogether dispensed with 1) 
vn\l upset the edge of the hole between the plates, and separate 
the contact of thuir surfaces to a greater extent than when the 
larger ends of the holes are brought together, and thsreby impair 
the efficiency of the joinL On the other hand, however, ham.' 
mering up the rivet in a hole with the small ends outside tends 
to wedge the plates asunder. Besides, la the ecent of a rivet- 
head being accidentally knocked off, the first-men tioned arrangs- 
meut of the holes will still retain the rivet in its place, and 
hold the plates together. Tha tension due to the contraction of 
tie rivet in cooling is by this arrangsment spread over the whole 
length of tha hole, and is not concentvuted. b,\ "i!s& «n.ia. 
beada h^v^ therefore, compai&titaly ViJ.\iiB \« in- Ki ^i 
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OQDiideTed, tbfo method baa its advantages, which appear to 
justify the favour in which it is held, and which outweigh any 
htye defects incidental to its employment. When repairs are 
required, the difficulty of getting the rivets out ib about equal 
in any arrangement^ if the holes are well filled and the work- 
manship is good. 

It is of the greatest importance that the corresponding holes 
in adjoining plates should coincide, and not partially overlap 
each other, or be half blind, as it is called (fig. 0). In rough 
work too little attention is paid to v- ti 

this matter, and even where great , ^^ 

care is used in marking oflf and i I 



pundiing or drilling, cases of holes TT^T ' 1 

not coinciding will frequently occur. f' : J [ j 

Not only do these defects add to 

the difficulty of making the joint 
tight by distorting the rivet an<l 
preventing i^ from filling the hole 
properly, but it also leads to the 
use of the drift, which in the hands 
of careless workmen is often hammered into the hole in 
such a reckless manner as to cause serious injury to the 
plates. With the use of the drift, which is a Bliort steel npiiidle 
with a taper end, the holes are forced and contorted into an 
irregular shape, sufficiently large to admit of the insertion of 
the rivet, which passes obliquely through the plates. It will 
depend upon the degree of blindness whether the hot rivet can 
be hammered up to fill the contorted hole or not, and make a 
tight joint, and whether its oblique position seriously afiucts its 
power to resist the strain it is designed to bear. When, as the 
result of bad workmanship, the rivet cannot be inserted with- 
out recourse to some means for straightening the holes, it is 
best to rimer them out and use a larger rivet. This has the 
advantage of not distressing the plate, which ia sometimes sup- 
posed to be sorely enough tried in the first place by the punch- 
ing. This method is sometimes employed throughout the rivet 
work, the holes being all punched or drilled somewhat less than 
required, and afterwards rimered to the full size. Should the 
plate not be drawn quite close together before the rimer is 
inserted, the particles of iron are liable to find their way be- 
tween them and impair the tightness of the ^oml. ^Y!\i\% -^^s^tl 
destroys the conical form of the punched "holea, "bxx^i ^ti^wt^^ ^ 
better job than the ordinary careless metlioda oi x\v^\iuv^. 
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Several experiments have been made to determine the relative 
value of drilled and punched plates in riveted work. 

Mr. W. H. Maynard arrived at the following results with 
four bars cut from the same plate, two being punched and two 
drilled, with 1-inch holes having the same sectional area at the 
reduced part — Ij square inches. 



Breaking weight in tons. 


Difference in 
tons. 


Difference per 

cent in favour 

of drilled. 


Experi- 
ment. 


Drilled bar. 


Punched bar. 


1st 
2nd 


30i 
314 


26 
26 


4i 


17 

21 


Mean. 


31 


26 


5 


19 



The quality of the plates and the appearance of the fracture 
are not given, which renders these experiments of little value for 
deducing any general rule. The following are the results of 
some experiments by the same authority to test the difference 
in value between rivets in punched holes and similar rivets in 
drilled holes : — 

^inch rivets m drilled holes, 

1st, single shear = 26 tons per square inch. Double shear = 
39-2 tons. 

2nd, single shear = 26 '4 tons per square inch. Double 
, shear, — Experiment failed. 

^'inch rivets in punched holes. 

Ist, single shear = 27 '2 tons per square inch. Double shear = 
45*6 tons. 

2nd, single shear = 26 tons per square inch. Double shear, — 
Experiment failed. 

Mr. Maynard considers the above as conclusive that rivets in 
drilled holes, subject to shearing strain, were about four per 
cent, weaker than rivets in punched holes under similar strain, 
and thinks the sharp edges of the drilled holes have a greater 
tendency to nip off the rivets than the rounded edges of the 
punched holes. This conclusion has been confirmed by more 
recent experiments in America. Tlv© xWe^.^ «b^^^«*Ted cut off 
cleaner by the drilled plates than "by 0[ift ^\m^^^ 
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In compar'ng the strength of punched and drilled work toge- 
ther, Mr. Maynard concludes, Ist, that drilled plates are 
stronger than punched by 19 per cent. ; 2nd, that rivets are 
weaker in drilled holes than in punched by four per cent. ; 3rcl, 
that the diflference is in favour of drilled work by 15 per cent. 

The above conclusions would require to be modified for dif- 
ferent qualities of rivets, plates, aud workmanship. 

Sir W. Fairbairn, in his ** Useful luforination for Engineers," 
gives a detailed account of some experiment made on the 
strength of single and double riveted lap and butt joints, with 
punched holes, both snap and countersunk heads being used. 
The riveting was done both by hand and machinery, and, as we 
should expect, the latter proved the more eifective. The joints 
with countersunk heads were found to be about as strong as the 
others, although there must have been a diminution of strength 
corresponding to the amount cut out by the countersinking. 
The double-riveted lap joint was found to have a strength very 
slightly inferior to that corresponding to the section of the plate 
left between rivet holes, showing the plates had not suflfered 
materially by the punching. The single-riveted lap joint showed 
an average loss of strength of 24 per cent, over and above the 
loss due to the reduction of section at the line of rivet holes. 
In this case the punching may have had a more injurious effect 
on the plates, the line of holes being nearer the edge than the 
line which bears the brunt of the strain in the double-riveted 
joint. However, the inferior strength must be mainly ascribed 
to the manner in which the tension strains the joint, and draws 
it athwart the line of strain, as shown in fig. 7. The joint will 

Fig. 7. 




ilways tend to assume this form under severe tensional strain in 
3onsequence of the force tending to act in a direct line through 
:he middle of the plates. The joint here manifestly acts at a 
lisadvantage, the strain being unequally distributed among the 
ibres o£ the plate, those of the inside o£ t\ie io\\\\. ^\. >(Jcka ^^w\»\^ 
f the zivet bearing more than the rest. TVift UsiOiV^t \;Jtift ^«^ft^ 
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tha greater win be the unequal distribution of tbe streia, tbe 
leverage Taiylng as the tliickuties of the plate. The some aotioi 
occuiB is a double<riveted lap Joint, but ia a much leas degree 
as the force acts with less angularity, and oonsequently : 
uniformly over the fibres of the iron. 

The butt joint irith. single strip bchares in a aometrhat aii 
Bunner, acting like tvo laps placed together (fig. 8). Ix 



Pig 8 




longitudinal Beamsi of an ordinary cylindncal boiler, this pn^ 
perty of the lii[ maiea itaclf felt rery often, and results 
grooving In the truDaverBe Beams the curvel form of tha 
plates renders this distortion by the force of the Hteam pressure 
alone well-uigh impossible, but is not proof against the jrresiBt- 
ible molecular forces, whose effects are shown in the oxpansicn 
and contraction of the plates, and which cause the transverae 
groonng in locomotive boilers when they are secured firmly at 
both ends to the &sme ; and in stationary boilers, where the 
bottom is cooler than the internal tubes and upper portion of 
the shslL 

When single-butt strips are used for the longitudinal seams, 
they should never be applied internally, on account of the ten- 
dency of the joint to open under pressure, as shown in the 
figure. When the strip is placed on the outside, the action of 
the steam pressure assists in preveuting the distortion of the 

The loss due to the unequal distribution of the tension 
■ingle- riveted joints with plates of ordinary thickness,^ -inch to 
■^j-iuch, may be taken at not less than 30 per cent, of the ten- 
sile strength of the material left between holes. This would 
leave four per cent, loss of strength in the single-riveted l^i 
joints, tested by Foirbaim, due to deterioration by punohin^ 
aiid to the rivets not filling the holes so as to bear evenly on 
tbe plate, and take each an eqiw.! w'h.irae otOiievta:a.\Q. 'WtMitlie 
» /-WW of atrengch from imequiil du!W"v\)uS.««j. ol ^.tim xbwj ^ i 
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■trips of very thick plates, |[-inch and above, can only be de- 
termined by actual test ; it will probably amouut to from 50 to 
70 per cent. That the weakness of the single-riveted lap joint 
was owing to the oblique action or unequal distribution of the 
itndn appears to be proved by Fairbaim's experiments, where 
■ingle riveting and butt joint with double strips were tried. The 
strength of this was found to be about equal per square inch of 
section to that of a double-rivefced lap joint, or nearly that due 
to the unimpaired section between the holes. 

From some experiments made by Mr. Brunei with double- 
fished butt joints and best Staffordshire i plates, having 
■trips -{-inch thick,, with double and triple chain and zigzag 
riveting, the following results were arrived at : — The sectioual 
area of the rivets and plates should be equal : triple riveting is 
superior to double-chain riveting in proportion to the sectional 
area of plates retained ; and the strength of the plates is unim- 
paired by the punching, 20 tons per square inch being the 
breaking weight alike of the solid plate and the section left be- 
tween the holes. 

In ** Useful Information for Engineers," the strength of the 
joints compared with that of the entire plate is given as 
follows:—- 

Strength of plate = 100 

Strength of double riveting = 98 
Strength of single riveting = 76 

^ The loss of strength here given is due to the treatment the 
iron has received, and to the form of joint, and is qmte irrespec- 
tive of the diminished section at the line of rivets. A further 
redaction must be made, corresponding to tho amount of sec- 
tion removed in making the holes. This varies considerably for 
■ini^e riveting, but 30 per cent, may be taken as an average 
allowance for double riveting. Fairbaim takes 30 per cent, also 
for single riveting, and gives, accordingly, the actual strength of 
the plate and the two descriptions of joints as 100, 68, and 40. 
Thirty per cent, is, however, too small an allowance for single 
' riveting, and does not agree with either the common practice or 
the table for the pitch of rivets given in the volume in question. 
This latter gives for J-inch rivets and f" plates If-inch pitch, 
corresponding to a loss of 43 per cent. ; a loss of only 30 per 
oent. would require 2i-iuch pitch, which is now OTil^ n^t^ t^x^V^ 
employed for even very low pressure boileT^. "NLwk^ ^iv^w^«^ 
do iMt mvail ibemaelvea of the advantage o&x^ \s^ ^wa^ 
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rivetiDg for maintaiiiing a large section of plate, but nae I 
anme pitch as for Eiingle riveting, the rivets being arrauged 
the form of an efjuilateral triangle, which in man 
the remoTal of 40 per cent, of teotion instead of 

Taking the average loss of material in ordinary boiler aingls 
riveting at 40 per cont., aud the total loiiS of atrength 
joint as 54 per cent., as aboT« found, we should have therefbie 
14 per cent, as the amount conaidered auffident for the injmy 
caused by punching and the bad form of joint. This is too 
little, and should iu no case be taken at less than 20 per cent. 
even when the plate auffara no injury by punching, riveting 
&C. But taking the loss at 24 per cent., according to Fair- 
bairo, the figures should stand as follows ; 100, 68, and 
instead of 100, 63, and 46. 

These will give correctly the comparative strengths when 
the plates and riveted joints ore bruken in strips a few^ inchei 
wide, OS in the experiments quoted. But in a boiler 
different conilitiona of resiatiuice are found. Suppose a boiltX' 
shell to be made of circular belts of plate overlapping truu- 
Tersely, but without longitudinal joints or other 
weakness, it would then be in a condition to resist a mueh, 
greater tension than the normal breaking weight of the mate- 
rial, in consequenoe of the support lent by the double thiokoesi 
at the ring seams. That additional resistance is given to the 
plates by the transverse joints in n properly made cylindrical 
boiler, IB evidenced by the manner in wbich many sheUi 
at work hold together when the whole section of a plate is out 
away for a 3-foot dome bole except a etrip at each end, and. 
barely sufficient for the dome angle-iron attiichmeut and ring 
Beams. In such a case, and others of a (liniilur nature, the 
holding together of theplate is mainly dependent upon the strength, 
imparted by the ring seams. When the longitudinal aeams break 
joint effectually, the ring seams also strongly resist the buckliaj 
action of the plates under strain, which we have seen, at page 69, 
to be such an element of weakness in ^ngle riveting. It iBobTum 
this resistance must depend greatly upon the width of platea, ftad 
increases as the distance between the ring seams is diminiBhsdi 
Moreover, the circumstance alone of the longitudinal emM 
breaking joint, analogous to the bond in masonry, haa anin- 
portant influence in strengthening the shell. It is more tbu 

probable therefore that in a boiler where the longitudinal iwuqi 
fcreyit^'ofnt effectually and are do\v\AaTV)&\,Bi\.,ttie Ate^^ViiS' 

' " r even greater than tbat meaaviTei \n ^Vo ra' ■ - 



notion left Iwt w g cD the rirei hcAem, Hie resistance of this 
Mctioii may thaefore be taken as the hreaking strength of the 
boiler^ or as a mle, 30 per cent, less than the entire strength of 
the plate for double riveting. 

In a similar boiler single rireted, we may safely neglect the 
loss of strength dne to the bnckUng action of the plat^ri uiuier 
steam, and regard the shell as beiog stronger than a detachiHi 
narrow test strip of tiie jointed plates by an amount equal to 
20 per oent. €i the strength of the entire plate. 

Taking the loss of material for single riveting at 44 per cent, 
the relatiTo valaes will stand : 

Eotire plate • • • • 100 
Double-riveted joint . • . 70 
Single » » • • 60 

These proportions of strength are usually employed, and were 
originally deduced by Sir W. Fairbaim from his ezperimonta. 
But in dieDs where the longitudinal seams run in a coutiinious 
line from end to end, we cannot count upon any gain of strength 
from the transverse joints. There is, however, probably a 
dight gain of strength in the long string of rivets as compared 
with a narrow test specimen, and such a shell single riveted 
may be regarded as having 40 per cent, of the strength of the 
plate. 

Taking 21 tons per square inch as our standard strength for 
plates along the fibre, the above proportions become 14} touH, 
and llj^ tons per square inch respectively, as the breaking 
strength of double and single riveted boilers having the longi- 
tudinal seams breaking joint in the proper sense of the term, 
and not by the amount of a rivet or two apart as in fig. 9. The 
table of s^ngths of wrought iron cylindrical boilers is calculated 
from the above figures. The strength of the plates across the 
fibre should be taken at from 10 to 15 per cent, less than 
the abova When the margin of safety is required to be small 
and plates are used of an ascertained strength of 25 tons per 
square inch, the strength can readily be found by adding 20 per 
cent, to that in the table. 

In some experiments conducted at Woolwich in 1835 on 
different kinds of joints, the following results were obtained : for 
^'\ -^^"9 and i" plates, the breaking strengths were respectively 
about 16, IT, and 18 tons for single riveted \&^ *^ov\x\>^^ ^tA \^\ 
double riveted about 24, 24 and 22 tODA «bC^\Sk3Bi Xsf^vitowL 
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weight and not per square uict, showing that the thinowt plate 
fiia aotoallj atronger at the joint thau the thicker platus. The 




inferior strength of J" and ^" plates was probably due to the 
more obliquD action of the strain on the joint. Bat for want of 
detailed information, tha resiUts recorded cannot bo coneidcred 
as suitable for deducing any general rule for the Btrength of 
plates of different thicknesses. Many have erroneously c 
eluded from the msults of these experiments that a j-L 
plate boiler is as strong as a boiler made of Jt-inch platta. la 
the first place, there would be found a great difference in tl 
strength of a ^"-plate as a test strip and as built up in a boiler, 
for reasons already stated, the workmanship being equal in both 
cases. Tliis difference would not be so great with a S'-pIate. In. 
the second plaoe, the plate ia by no means most likely to fail 
first through the line of rivet holes when in uae. Comparing 
j" plates with i" plates, and assuming the boiler to be unfit fbr 
working at the original pressure when reduced to 1" thick, the' 
latter plates will laat twice as long as the former. 

In seeking to determine the correct diameter and pitch o 
rirets, and ^so the proper amount of lap for different thid 
nesses of plitte, there are several conflicting circumstances ti 
oonaider. Tn the first place, haiviog due regard for the economy 
of material it IB important in fixing uvon'i.^iBiYKaieto! Mui'^iiAah 
afavaia far a given thiclmeBa ot >^\B.te, \W\. ^« -^-uia » 
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rivets liioald be of equal sfcrength, for in making the rivets to fail 
before the plates, we should be wasting the excess of material 
to which is due the additional strength of the plate or be 
making the joint too weak. On the other hand, to make the 
rivets the stronger, would be to make the joint too weak by 
reduciDg the strength of the plate too much, or to waste the 
material in making the rivets too strong. 

In the second place, the joint must be tight as well as cor- 
rectly proportioned for strength. It will be seen that the 
attainment of the greatest strength with the least material is 
restricted by the necessity for tightness, and also by other 
minor but important circumstances. 

First of all it must be ascertained in which manner the weak- 
ness of the joint may be declared. Here we fiud that the joint 
may fail in four or ^ve different ways, namely : 

Ist^ By the plate in front of the rivet crushing (fig. 10). 

2nd. By the rivet shearing. 

3rd. By the plate tearing between the rivet holes. 



Fig. 10. 



Big. 11. 





4tlL By the plate outside the hole breaking through (fig. 11). 

5th. By the plate being forced out in front of the rivet 
(fig. 12). 

1st The resistance of the plate round the semi-circumference 
of the rivet can be proved to be measured by the diameter 
of the rivet x the thickness of plate x crushing strength of 
plate. From the results of some experimeivt oii >iXi^ <sr\^cce&s^ 
tttivDgtb of the bearing surface of iron \\Bk« ^^«AXi^\> ^^ "^xs^^ 
nndertaken by Sir C. Fox, it may "be concVoi^'ek^ *Oww^ *^^ 
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reMBtmice of the plate HgainBt a rivet i« equal to 40 tons 
per square inch, wlieuc« we Im-ve : 



reEiBtance of plate to cruebiug = d X 



C 40 



a-) 



d = diameter of rivet, t = thioknesa of plate. 

2nd. Tlie ultimate strength of the rivet to resist Bheuiog 
has already been discussed, ejid may be taken at 21 tone per 
square inch, therefore 



resistance to single shearing = '7854 x (^X 21, 



Compariug Nob. 1 and 2, when the resistauoe of the rivet and 
plate are equal, we have 

rf X ( X 40 = '7854 >; d= X 21 
d = 2-4 (, 



Pig. 12, 




whence the diameter of the rivet should 
be nenrly 2^ ticieH the thickness of 
the plate. The comuiou rule of loak' 
iiig the diameter of the rivet double 
the thicknesB of plate up to -^ thick 
is approximately correct, and alloir* 
a margin of strength for injury done 
to the plate in punching and drifting. 
3rd, The strength of the plate 
between the rivet holes in boiler work, 
it ha.^! already been ahown may be 
taken at 21 tons per square indif 
whence 

lesistaiice of plate to tearing = t [p — d) 21. (3.) 

where p = pitch of rivetu ; * 

comparing this with Ko. 2, wa get for the equality of strength 
inrieets and plates between holes, 

■7854 iP X 21 = t(jt-d) 21. 

fiom which equation we can find the pitch, when the diameter 
ofn'reta aail 6bjckness of plate are given, Suhntituting a = area 
ofrJvetfor ■f'854 d^ we have lor aavQgXeiVJeteiV'e ynut Mid 
wiglB £abed batt jmat, M 
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p = -?- + i. (4.) 
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For lap joints and single fished joints with double riveting, 
we have the sectional area of two rivets instead of one, as in 
the last case, 

hence, 2 a = t (p — (Q 

and jp = — + d. (5.) 

In a butt joint doable fished and single riveted, where the 
rivets require to be sheared in two places before yielding we get 

2 a = < (p — (2), or the same as in the last case, 

andp = — + d. (5.) 

t ^ 

In a double fished butt joint with double riveting the equa- 
tion becomes 

4 a = < (p — (2) 
j> =1? + d. (6.) 

« 

In the above formulae, d should rather be taken as the 
mean size of the hole than as the size of rivet, or as a rule 
-^^ inch larger than the rivets up to -|- inch diameter. 

When the diameter of rivet is double the thickness of 
plate, the pitch becomes equal to 2*57 d, 4*14 d, and 7 '28 d 
respectively for formulse (4), (5), and (6). 

In thick plates having rivets less in diameter than twice the 
thickness of plate, the pitch will be less in proportion. Taking 
r as the ratio of diameter to thickness, the above quantities 

must be multiplied by — for the pitch. 

4. We may regard the distance between the hole and edge 
of the plate as the depth h, of a girder fixed at both ends, and 
uniformly loaded^ the span being measured by the diameter of 
rivet, hence 

ibe strength to resist fracture = , — ^ ^% 
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ie a coefficient, the value of whicli has not yet been 
dstermined. Since the nature of both the strain and the re- 
uEtance differs greatly from that of ordinary girderx, it ia evi' 
dent that ne cannot consider the ordinary coefficient as even 
approximate. But as the coefficient ia not likely to be leas 
than the above, we may use it for the purpose of illustration 
"We then have, 

transverse strength of plate = 18. 

Oompadng this nith No. 2, we have, ^^H 

t X ^1 

-T854 X d' X 21 = — ^ X 48, ^" 

when d = 2t we get h = d ti '81. 

Assuming this to be approximately corrsct, it follotrs that the 
ordinary practice of making the distance between the hole and 
edge of pUle equal to diameter of rivet gives sufficient strength 
to preveut the plate from breaking by a transverse strain. The 
greater t!ie ratio of diiimeter to thickness, the less will be the 
proportion of lap required for adequate strength, 

6. The resistance of the plate to being forced out in &ont of 
the rivet will be equal to tbe shearing strength of the plats 
multiplied by the area sheared, and may be expressed by 






when the distanoe between ths hole and edge of plate = d. 

On oomparison, the resistance of the joint to yield in this 
manner will be found much greater than the resistance to anytrf 
the other nodes of fracture we have considered, consequent^ 
Huch a fracture as shown in Gg. 12, is seldom, if ever, met witlL 

The fractures most frequently found in boOer work are those 
from the hole to edge of plate. They are in most oases the 
result of careless workmanship and brittlenesa of plates, except 
when they occur in the seams over the fire, when they are 
mainly produced by the contraction strain acting at right 
aagles, and by the girder atraio thrown on the plate between 
the boie and edge by the permaiLeot cQaVtwSiwx 4a» to ^oa 
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11 ahernate heating and oooling. A large lap is more liable to 
fiactare in this manner than a small one, and a thick plate 
than a thin one, in poeitians where sudden variations of tempe- 
rature oocnr. In a line of riveted work a few holes may 
become fractured, or a few riyets crushed, by having to bear an 
nndne amount of the strain, which is unequally distributed 
along the whole line of rivets in consequence of careless work- 
mauship. 

When the plate onoe 3rield8 by fracturing or crushing, it is 
evident that the strain will no longer be at all equally distri- 
buted along the length of plate between rivet holes, but 
becomes concentrated upon the fibres of the plate at each side 
* of the rivet. The plate may then be torn in two by a force 
I much below its breaking weight with the strain equally dis- 
[ tributed. 

» The principles embodied in the above rules, based on deduc- 
tions correctly made from experiments, must be accepted with 
some caution. In most of the experiments the plates wore 
thin, of very good iron, and probably had not suffered much by 
rough treatment, which is, however, not the fate of the nicajority 
of boiler plates. 2dany a new boiler is set to work with the 
rivet holes fractured to edge of plate, or from hole to hole, by 
punching and drifting. Moreover, it is the practice to use a 
better quality of iron for the rivet than for the plate in the 
great majority of boilers. This lessens the chance of injury by 
hammering and heating, besides giving a greater tensile and 
shearing strength. 

It may be taken as a rule that, in any but the best class of 
boiler work, the rivet is stronger than the plate section for 
section in new boilers. In old boilers the plates at the joints 
are generally found to be much more brittle than the rivets, 
and the rivets, except at the heads, will escape corrosion where 
the plate may suffer severely. These considerations indicate 
that a larger pitch than the one assigned by the rule given 
should be used. It must also not be forgotten that the hole is 
larger than the enclosed rivet, the diameter of which is usually 
taken in estimating the pitch. It may here be also remarked 
that in increasing the diameter of rivet, the pitch must be 
increased in a greater proportion, in order to keep the section 
of rivet and plate equal, for the shearing strength of a rivet 
varies as its sectional area, and therefore as the square of the 
diameter^ wbilat the section of the plate lemo^^ N^t\!^<9» ^ws^t^^ 
S8 the diameter. It foUowB from thia tbat) Wi'a \ax\g55t ^^ \si^^ 



Jl TBEATISE OK STEAH BOIL 

the riveta, the better are we Able to retain the groaa EectiomJ 

area of our plates. 

The advantage to be gained by increasing the diameter of 
rivet is limited by the eipedienoy of not exceeding the cruHhing 
itresgth of the plate in front of the rivet, which varies aimpljr 
as the diameter of ths riveL It baa already been Hhown that 
the plate will fail by crushing before the rivet shears when 
diameter is 2^ times the thickness of plate. It may also be. 
observed, that by incrensing the pitch wa rapidly diminish the 
breaking strength of the plate i)etween holes, as the iGcreastid 
width allows the plate to stretch more, and conceutTates the 
strain on the fibres at each aide of the hole. Tbia fact applies 
most strongly to the case of duuble-fiahed butt joiuta, where the 
Urge pitch ia neceiuiary to bring the Btiength of the plais up to 
that of the rivets which are in double shear. It also probably 
accounts for the diminiithed strength found in experiments with 
riyetad joints, where large rivets have been used with a veiy 
large pitch to ascertaia the crushing strength of the plates. 
Such testa cannot be taken as a guide for the strength of jointi 
in ordinary boiler work. 

There are, however, other considerations besides the economy 
of material that should govern the proper pitch of rivets, 
tight joint is of the firiit importance, for should leakage occ 
corrosion may soon alter any carefully calculated proportions of 
the respective sectious in the joint. Indeed, it may be affirmed 
that in the majority of cases the safety of a boiler depends, iK 
the long run, more upon tbe iightuets than the actual strengtk 
of the joints, since a large factor of eafety is usually allowed. 

No one set of rules can be laid down for the pitch of rivets 
which shall be the best under all oircumstances of preasore, 
quality of material, liability to corrosion, &c. The following 
table gives a result which agrees pretty olosely with the average 
practice for single riveting in high pressure boilers (up t 
IGOlba) if we take the proportions of diameter of rivet and 
thickness of pkte that are given. The diameter of rivet ia 
as the average diameter of the hole, and not the iiett iizo of Hba 



EIVETING. 



81 





Single-Hveted lap jomls. 




Thiclmesa 
of plate. 


Diameter 
of rivet. 


P=7+i 


P=<ix2-J. 
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In the above table it will be seen that with thin plates the 
diameter of rivet is double the thickness of plate, and this ratio 
diminishes as the plates increase in thickness until with 1-inch 
plates the diameter and thickness are nearly equal. One reason 
for this is that the difficulty of making a good joint increases 
with the diameter of rivet where the point is not closed by an 
efficient machine. With 1-inch and l-|-inch rivets hea^y 
hammers are required to upset the iron and close the hole 
properly. This at once increased the difficulty of " holding up" 
and of making a good job. The difficulty of setting by drawing 
or hanunering the plates quite close together to make a tight 
joint also increases rapidly in plates over ^inch thick, and 
altogether the quality of the work is not so reliable when very 
thick plates are used. Another reason for diminishing the ratio 
which the diameter of rivet bears to the thickness of plate is that 
with a constant ratio we soon reach too large a pitch to admit of 
keeping a tight joint, if we wish to retain anything like equality 
between section of plate and rivet. 

With 1-inch plates, in order to retain 60 per cent, of the 
section of the plate whilst making the plates and rivets at the 
joint equal in strength we should require 2-inch rivets at 
bi inches pitch. 

Such a rivet is considered too large for closing up properly, 
unless with the aid of a very powerful machine, aiid &\ Q>^\it\«& 
are too wide to keep tight at even modexate -^e^sv^i^k^ 'wvJOiv 
ordioarjr workmAnsbip, jRivets of more t\vaji l^mOoi ^vMs^fcX^^ 
re seldom if ever employed in boiler work* 



mmmm 



The third column in the table pvm the pitch requirad fat 
equal section of rivtts and plate between holes. The foorth 
column gives the pitch required in order to retain GO per cent. 
of ptate at the joint. On comparing these two columns it will 
be seen that in plates from i inch to ^^ inch thick there in 
great diStrenco between the two pitchea. With the thicker 
plates the difference is important, The pitch for 1-inch plutea 
in oolnmn 3 only retains 63 per cent, of the plate aection, but if 
we employed column 4 the wide pitch would leave the rivets 
with only 36 per cent, of the strength of the entire pUte^ o 
about 60 per cent, of the plate between holes. Colama 3 wooli 
therefore give a stronger joint than the other. 

The average size of the punched hole in the plate being 
usually somewhat larger than the size assigned to it, and the risk 
of injury from punching being greater in thick than in I" 
plates, and also to allow for corrosiou or waste at the lap, 
column 6 is given to work to, giving the section of the plati 
slightly in excess of that in column 3, and retaining about 61 
per cent, of the section in plates from i inch to ^ inch thick { 
55 per cent, for plates from |^-iuch to |^ inch ; and 58 percent, 
for -^ J-iuch aud 1-inch platea. 

Where the workmanship is not reliable it will be advisable to 
reduce the pitch slightly, or to increase the diameter of rivet ii 
platea nnder ^ inch thick. 

The lap for single riveting should be equal to 3 times the 
diameter of rivet, and never more than 3'3 times the diameter. 

Siyuble-rimted laji joints and butt joinlg vnth single airijis. 
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BITETIKO. H^ 

He pitdi given ia along one line of riveU. Th« nir\]A hhouM 

be tligkily thicker than the plate, ^^ inch for UKxlvrnt^ ly fhj'li 

plitee^ and ^ inch for very thick pUtea. O^luiurj i ;rivi>> ih*: 

phcfa, along cue line of rivets, requireil to miain 70 \m:i < i-ut of 

plate between holea. With 1-inch platen thin wouM iuii]f*i \U*i 

ibength of the rivetB only about C3 j^rr cut. of tijai «/f th«9 

piereed plate. In order to obtain e(|iial ninTuy^ih in jJ^li ki^'i 

rivet at the joint we ihould require for }-'m<iU jii .-•«''« J ;' iii«;(i 

rivets at &j-inoh pitch. The difficulty in thiTirf'/r*? '/>/u'/gc vf 

obtaining a well-proportioned joint yrhtsu wuw/^ tlu'.k j/l«t<i», 

with either single or double-rivetod Up ynttit^, at i)j< »«'iji (jn.t; 

ntaining a good section of plate, and ttu^uilnyf \i/U\hti»* In 

uring thick plates the best course to follow tu utnur/tny^ tl^c; 

joint is to fix upon the widoRt pitch cjuniftUitti with Uyh\t,*fmf^ 

employing the largest rivets adniiiwiblf;, and th'rij d'rU.rrfuii': i)*^ 

rtrangth of the shell from the secti/i/j of ri v<rUi or ; J^tf Ji.ft 

between holes, whichever may be the vrttakT, In iIul^^k tjp u, 

■^ thick it is evident that 70 per cent. <ff A^.-tJon kau ^h m^iu 

isined with a well-proportioned joint and m'A*',r^^M \n\/ U. i't^r 

plates under ^ inch there is an exceaii of ^Xn-jtyiU j/i lii'. rjvirU 

when using the pitch given. 'i*he diawtUtr */f nvtru iiii/hl 

therefore with advantage be slif^btly T*M\w09*if i/) mnVi: a U/UUir 

joint, for high pressures. When the Ix^iler in 'Joul/h; nv(-i<yi 

throughout, ^inch rivets for {-inch and j^ij-Jif'h plat'D, «rjih 

2^ inch pitch, might be used. Jt in, how«v<;r, itj* jij«<r«ij<-rit t// 

have different sized holes for siui^le and douhJ^v n ytiin tf tu the 

same plate or boiler ; and as it fre(jn<;ritJy hft;/j;<fn4 th«t th«9 

longitudinal seams of a boiler are don hie rivtfU^if wjiily,t the 

transverse seams are only single riv<;t«d, the saifi'; hi/>;d tifttU 

have been used in making the abov« tahh-s. 

The greatest difficulty in making; a wdl-j^opr^rtionerj joint 
with the same sized rivets occurs when bolt joints with dr/ijh]« 
strips and lap joints come together in the sime plat«. In such 
a case we must either sacriQce the advantage of liavifig th'; Kame 
sized hole throughout the plate, or have a ba^Uy proi/f>rtione<l 
joint in one seam or the other. On this account, when double- 
fished butt joints are used in the same plate with lap joints, 
the former may be made single and the latter double riveted ; 
in which case the same pitch and diameter of rivet might be 
judiciously emplojred, were it not for the difficulty of keep- 
ing a tig^t joint in the butt arrangement, whicli i\e'2«8B\VaXie^ 
the ladncCiofi of the pitch, unless the woTkin«ji&\a^ v^ n^tj 
goad 



The double-riveted lap should be eqnal to 5 times 1 
diameter of rivet, each line of rivets being ^d iroiii the edge 

Doiible-rivited butt joinU with double airipi. 
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In double riveted butt joints with double covering atripa, il 
will be seen from the annexed table, on comparing columnH 
4, 6, and 6, that we cannot avail ouriolvea of the fuU strength of 
the double rivetiug when tha rivets are in double shear, and 
muBt be content with 75 and TO per cent, of section of tha 
entire plate with thin and thick plates respectively. Smaller 
rivets than i" should not be employed, unless they are made 
with much larger heads than ia the custom, in order to with- 
stand the effects of corrosion. On account of the diSculty of 
obtaining sulScieutly stroog punches smaller rivets than those 
jjiven for the thick plates cannot be recommended. Whera 
the holes are drilled this objection does not upply, and a 
diSerent table may be arrauged, commencing with i' plates 
as they stand and ending with 1' plates having J rivet 
3i" pitch. 

Besides the loss of strength due to the unequal distributtou 
of the strain through the whole thickness of the plates in a lap 
joint, very thick plates are also hable to be much reduced 
streogth through the body of the plate by iujiu'y done in tha 
excessive amount of setting tbey require where the traoBversH 
mill longitudinal seams mobs eac^i ottiar. ^m ftoa ^eaaou aluiie 
butt joiata should aluraya be uaei at WiWi tot ttmNaua^siSJwS 
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seams with plates over f " thick. The width of the strip for 
doable liyeting should be at least 9 times the diameter of rivet, 
and may, with thick plates, be made equal to 10 times the 
diameter, the distance firom' the centre of the holes to edge of 
plates and strips in all cases being equal to diameter of rivet 
multiplied by ^. 



WELDINO. 

3 purposes to which wrought iron ia appfie 
could not be efiticted without its valuable property of welding. 
It ia of the utmont importauce that the effect of this proce^ 
OD the atieu^th of the material abould ba properly underBtood, 
Gtnee there are more Htructiiroa dupeuding on the HoandseaB of 
the weld than ou the streugth of the railed or forged bar o 

Mr. Kirkaldj made some experiments on the breakii^ 
strength of welilod bars. The results raried greatly, showing 
a loss of from 2 '6 to 43'8 pur cent., the mean loss beiug 20'8 
jwr cent., compared with tho solid bar, the fracture taking 
place in most inataiices partly through the solid bar and partly 
through the weld. The loss of strength in four "Famley" 
l-ioch square bars varied from 6 toua to 9i tons, the origioal 
Btretigth averagiLg 28 tons per square inch. With 14 "Giadgow 
Best Beat" bars, varying from 1^ inch to ^ inch square, the 
loBB of strength varied from | tons to 11 toos, per aqoare 
inch, the average loss being 8 tons. The oiiginol streagth wu, 
OD an average, about 25j; tons per square inch, 

Mr. Kirkaldy found that ia heating a bar of Glasgow B. 
Best iron to the weliling point, and thea allowing it to oool 
slowly, that the breaking strain was nearly the same as that 
borne by another piece off the same bar in the ordinary o 
dition ; but the ductility of the iroa was injured by the high 
temperature and want of hammering. 

Several experiments to defcermiae the strength of welded 
plates have been maiie, and have given satisfactory results, 
these may be mentioned the trials at Wooln'ich on the strength 
of plates welded by the Bertram process, recorded by Mr. S. 
K, Clark. 
The joints were of two deacriplioas, DB.-m?i\-3, tVia < 
»ad the lap weld. The teaHile bItcui^'W -< 






WELDING. 



87 



20 ions per square inch for tlie solid plates, ^, -^, and f inch 

thick. Taking the strength of the entire plate at 100, that of 

the scarf weld for the -^ and -j- plates was respectively 106 

and 102. The ^inch weld proved faulty. The results from 

the lap weld, as might be expected from the unequal distri- 

botion of the strain at the joint, were not satisfactory, being 

lespectively 50, 69 and 66. This makes the absolute strength 

of the two lap welded joints alike for ^- and f-inch plates, the 

^iDch plate having only ^ of the strength of the entire 

plate, whilst the | plate has } the strength, which may be 

accounted for by the more unequal distribution of the strain 

with the thicker plate. The meagre information reupectiLg 

the fractures, and the fewness of the tests with each variety of 

weld and thickness of plate detracts very much from the value 

of these experiments as a standard for general use. 

Mr. Kirtley, in a paper read before " The lostitute of Me- 
chanical Engineers," records the results of some experiments on 
the tensile strength of strips of plate cut across the weld, 
which were taken from several boilers made with weMed 
longitudinal seams. The strips were in three sets, 7^ inches 
long, the weld being in the middle of each piece. The follow- 
ing table gives the results of the tests ; the plates were 
•^^ inch thick : — 

Strength of welded plates. 



Width 

of 
strip. 


- No. of 
strips 
tested. 


Broke 

in 
weld. 


Broke 

in 
solid. 


Breakin 
pel 
Least. 


g strength 

r square inc 

Greatest. 


in tons 
;h. 
Mean. 


1" 


15 
4 

4 


8 
2 
1 


7 
2 
3 


16-5 
19-6 
18-1 


23-8 
22-2 
23-5 


20-2 
21-0 
21-7 


Total 


23 


11 


12 


16-5 


23-8 


20-6 


1 

Also 11 strips of the same 
unwelded. 


plates 


20-7 

1 


25-8 


23-6 



It appears from these results that half of the test pieces 
broke in the aolid, and not at the weld. 
The average losa of strength of the 23 weSV^^ .^^vX.^^ ^^ 
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only 12*7 per cent., compared wiiii the strength of the 11 
unwelded plates, the worst pieces showing as defective a weld 
as would occur in practice had 70 per centx of the average 
strength of the unwelded plates. 

The weld is best made when the edges of the plates are 
upset, at a red heat, by hammering or pressure, to nearly 
double their thickness, and bevelled to an angle of about 45^ 
The edges can then be heated simultaneously, and the weld 
made by hammering down the joint to the original thickness 
of the plate. 



CHAPTER VI. 

CONSTRUCTION OF BOILERS. 

SiNCB the plates are stronger lengthways than crossways, 
they are generally arranged in a cylindrical boiler shell, with 
the fibre running circumferentially, in which direction they are 
best disposed to resist the greatest strain due to the internal 
pressure. But owing to the greatest strain in externally fired 
boilers being along the bottom in a longitudinal direction from 
the sadden contraction caused by a rush of cold air, or by the 
delivery of cold feed water on to the bottom plates, some engineers 
prefer to arrange the plates with the fibre running lengthways 
along the boiler. By this arrangement the bottom plates are 
also more easily replaced, a circumstance of some importance 
with hard-worked externally-fired boilers, in which the furnace 
plates require frequent renewal In order to avoid the great 
inconvenience and sometimes danger from the constant frac- 
turing of rivet holes, especially in the transverse seams over 
the fire, it is best to make the fiimace plates of externally fired 
boilers sufficiently long to keep the first ring seam away from 
the infiuenoe of the entering cold air, and at the same time to 
set the boiler so that the end seams do not become intensely 
heated. This arrangement necessitates the use of a very large 
fumaoe plate, since the width must be sufficient to keep the 
longitudinal seams also out of reach of the fire and entering 
cold air, which have a much less efiect on the single than on the 
double thickness of plate that occurs at the lap joints. 

In short boilers, such as many of the useful little vertical 
class, the plates are most easily arranged in one length, with 
their fibre in the direction of the height of the boiler, thus 
saving the work in one ring seam. In all such cases where the 
plates are arranged lengthways along the cylinder^ it is advisable 
to bUow 3 greater margin of safety than vrlieii >^<ft ^^^X^*^ vc% 
smmged JengtbwAjra round the cylinder. 



Wherever a ring seam occurs tha longitudinal » 
be made to break joint, for the sake of obuiuing the ii 
Btrength due tothiaarraQgemeut. This necessitates tlie ti 
away of the inside plate corners where the overlap o 
ordsr to avoid the labour that thi» involves, which is 
when thick plates are used, the plates are very often a: 
to break joint by one or two rivets only, as shown i 
page 7i- This arrangement is but little stronger than having 
the seams in one line, from end to end, and shoulil never be osed. 
It however aavea the hammering that thick plates with lap 
joints have to undergo to make them fit at the ring Beams, 
where the longitudinal seams break joint, which must ii 
oases damage the iron eonsiderably, and to avoid this, aa well u 
tha unequal distribution of strain involved by the use of the 
lap, the longitudinal joints at least should bo made with double 
butt strips, in uaing thick plates. 

The courses or bblts of plates that make up the length a 
usually arranged couically in stationary boilers, with the oul- 
Hida lap facing backwards. When the boiler is set slightly in- 
clined towards the front end, this arraogement of the piatM 
facilitates the draining of the water and sweeping out at the 
boiler bott':>m towardn the front, where the dirt is usually 
removed. This advantage is greatest in internally fired 
boilers, which are dilUcult to clean. In externally fired boilen 
this arrangement of the ring seams saves the edges of the 
plate from the direct iDipiugemeut of the flame, which take) 
place when the outside liips face the frout. It in, however, 
more liable to interfere with the free contraction of the shell 
on the brickwork, wliiob acts from frost to back, and which is 
of more importance than freedom of expansion, the former 
being more sudden than the latter. 

lu long vertical boilers it ie customary to arrange the ting 
seams with the inside lap facing downwards, bo as not to leave 
a projection for the iucrustaition to lodge upon. With the 
same object in view, some engineers also insist upon the longittu 
dinal seams at the sides of locomotive boiler sheila be' 
amuged with the edges of the top pluites inside, as they o 
aider the liability to groove is increased when the edge of the 
inside plates face upwards, to form a ledge for the incrustation 
to accumulate npon. 

lu locomotive boilers the belts of plating are nearly alwaya 
arranged paralie], and of late it ^aa \)«cotiio 'Caa ^ym^Uoo with 
I auay makora to arrange thoia tuUBCo^uaJi's wvCa. "fina ^ 
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[ dismeter at the firebox end, to which the sludge is drained 

far removal at the mudholes. This arrangement also allows 

:.». room for a slightly wider firebox ; it also facilitates the arrauging 

of the tubes, and, in many cases, tends to prolong the life of 

the firebox. 

Of late years it has become the practice with the best makers 
to use larger plates in the shell than formerly. In stationary 
boilers the size is usually limited by the weight the manufac- 
^ tiirers supply the plates at, without extra charge, which, as a 
H role, is 4 cwt. for plates of good Staffordshire quality. The 
\- greatest width, without extra charge, is usually about 4 feet, 
and the length is arranged to keep the weight of the plate 
within 4 cwt. ; but many engineers wisely prefer to incur the 
extra cost of using larger plates, and so reduce the number 
oi seams and consequent risk of leaky joints and rivets as 
well as of grooving. Locomotive boiler barrels are frequently 
made with plates long enough to necessitate only one longitu- 
dinal seam in each belt of plates, which should be placed above 
the water level, where it is not liable to groove. In some 
oases the longitudinal seams are welded, and the ring seams 
made with outside covering strips. In order to still further 
iaczease the strength of the boiler where there are no external 
flues, strong wrought-iron rings are shrunk on at mid-length of 
each belting. To compensate for the strength lost by cutting 
out the rivet holes, plates with thickened edges are sometimes 
used for locomotive boiler barrels. As the thick edges are in 
the direction of the length of the plate, they can, unfortunately, 
only be used for the ring seams where the additional strength 
is least required in well-designed locomotive boilers. 

The strength of the cylinder and sphere has already been 
examined, and the resistance of flat and cambered surfaces 
partially discussed. In boilers of even moderate diameter, and 
p under ordinary pressures, the flat ends of ordinary thickness 
are so weak, if unstayed, that the bulging out would be ex- 
cessive, and would consequently tend to act with a considerable 
leverage, and wrench off the rivet heads securing the plate to 
the barrel, if attached in the ordinary manner by angle irons. 
The alternate bulging and straightening of the plate produced 
by the varying presHure in the boiler would also tend to pro- 
duce fracture through the line of rivet holes, or work open the 
fibres of the iron along the line where this action is most felt, 
and which is generally along the inside edge oi \]i[i^ ^\i^<^ 'vLQ'Vi^ 
or ai the angle iron root, producing lea\L&g|d) ^OQNm« , ^aai^^ 



ultiinatel^, fracture, which are treated of in the chapter t 
"Wear and Tear." 

. It uuiy be here remarked that the mode id vrhioh k ft 
liiHhed or cambered end pints is Hecored & the barrel materii 
aSeuta its capability uf resisting the effect of the internal il 
upou it. The modes adopted are bj angle iron, either ii 
or exteruaJ, or by flanging either the barrel or end plate. 

Where BtitrneaH ia not required near the circumference d 
the biorel, a», for iuHtauce, where it is desirable to leave n 
for the plate to spring, iu the case of iaternally fired boilerB, 
the (uigle iron should be applied outwardly, or the barrel 
flanged uutwardly, to receive the end plate. 

As a rule, the flanged arrangements are leta linble to grooving 
than when angle irons are used, and form the best mode of 
attachment, provided the plates are not too much reduced itt 
thickness when the flanging is outward. In Oomisb and I^n* 
coahire hollers, it ia the custom to attach the front end plate mth 
ontside angle irons, and the back end with inside angle inma. 
The crowns of vertical boiler shellsare usnally attached byfluiging 
or by inside angle irons. Where, however, in long boOerathe is* 
temal due tubts are not more than 5" or 6" frum the side of th> 
barrel, outside angle irons should be used to allow theend-plata 
to spring. 

in small vertical boilers sufficient strength can be given to 
the end-plate by dishing it, which removes the necessity of 
staying it further than with the flue tube. lu cases wherej 
there is a, cluster of small tubes, the crown is best made flatj 
for facility of tightening the tube end», and in most casei' 
sufficient strength can be given to this plate by increasing iti, 
thickness within moderate limits. 

With a view to strengthen the furnace crowns of small vertical 
boilers, they are usually made with consii I eraKle camber. In 
many cases, however, this camber lendeis the plate too itiS and' 
unable to spring without producing grooving ; a certain amoant 
of play should be allowed, in order to accommodate the ex-, 
paniioD and contraction of the flue tube or tubes. 

Yaiious methods have been devised for securing the internal. 
furnaces of vertical boilers to the ithelL The first that suggests^ 
itseif is the old- fashioned solid ring, made out of a rectangular bar' 
of iron. The depth of this ring should never be less than ita, 
width, ns the pressure on the crown has a tendency to upset it. ] 
Wienthe ring is shallow, the npaeUA.ug&<Avonfre(\ueutlyprodn<wB' 
I £TooThig in the ahell plate, toaai ftie Wi'e ol -iiia •toUr ''^ft^gj 
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^ these rings are more than 3" wide, and of equal depth, they 

1 shonld be double riveted, to prevent leakage and grooviug, if 
they have to carry a great load. There are more than half-a* 
doec|Q other methods, but which do not call for remark. 

We shall now consider the various means used to strengthen 
flat and cambered surfaces, such as screwed and riveted bolts, 
stiffening ribs, girder stays, gussets, <!^c. 

w The difference in strength between screwed and unscrewed 
bolts, according to Mr. Kirkaldy, is influenced by the manner 
in which the dies act upon the iron. Old dies have a harden- 
ing effect, which raises the breaking strength at the expense of 
the stretching, when compared with new dies or chasing tools, 
which cut cleaner. The average tensile strength of a screwed 
bar, 1" and above in diameter, may be taken at 20 tons per 
square inch of the unscrewed section. It has been frequently 
assumed that bolts of small diameter — |" or ^'!, are superior 
io strength, section for section, to those of 1^" and above ; 
but recent experiments do not* bear out this assumption — at 
least, not to the extent asserted, some 50 per cent. 

In order to preserve the original strength of a tie bar, as 
well as to facilitate the operation of screwing it into the plates, 
it is customary to increase the diameter of the screwed por- 
tions. This also acts advantageously in allowing the bar to 
stretch when strained severely. A bar of ordinary quality 
and of uniform section throughout is found, under tension, to 
stretch considerably before breaking. The degree and regu- 
larity of the stretching depends principally upon the quality 
of the material. If, however, the section of the bar be 
diminished in one or more places, the effect of the strain and 
consequently the stretching is confined to these weaker por- 
tions, so that a bar with a narrow groove, like the thread of a 
screw, cut in it, scarcely stretches at all before breaking. It 

■ is for this reason that screwed tie rods, without swelled ends, are 
sometimes found to snap suddenly under severe strain, usually at 
the end of the screwed portion to which the stretching is 
confined. When the ends are thickened for screwing, so that 
the diameter at the bottom of the thread exceeds that of the 
rest of the bar, the stretching is no longer confined to one part, 
and the bar is better able to bear a sudden strain. 

The practice of turning the thread off the middle portion 
of locomotive firebox stays, or of swelling the diameter of 
the screwed ends, is sometimes adopted to xetidet Wi*^ ^-k^^ 
more £exible, And consequently better able to \»wt m^'oviS. 



injary the awkward transferse etrains thrown upon them li] 
the greater expansion of the inside firebox compared 
that of the outside shell, which, in course of time, re: 
the iron atay^ in the upper parta of the box 
brittle and liable to snap. Another adrantags claimed 
this plan of turning off the thread is that the even 
of an iron «tay withatanda the corrosive action of the 
better than when it is screwed. For durability the staji 
locomotive firelioies are better made of copper, 
those that are in contact with the mass of incandescent fn^ 
With firebox plates not more than -^^' thick, the thiuneat 
of the stay, or the diameter at the bottom of the threid, 
should not be less thnn ^" when copper stays are used, 
slse they are liable to bend in hammering down the en 
Thia applies to stays even as short as 3" between plal 
With stiiFer stays of iron tbe amalleat diimeter may be ^, 
On the other hand it ia not advisable to make these iron stay 
larger than 1^" outside diameter, with ^-^ plates, oa the exbi 
amount of hamniering involved in knocking down tbe snda n 
thicker bolts, with ordinary care, iu liable to spoil the threads 

In using water oontaining certain salts, tliu iiae of ea^^ 
atays is sometimas accompanied by a rapid corrosion, wbiol 
appears like countersinking of the inside of the iron plate rotuu 
the bolts. This ia ttanally ascribed to galvanic action. The h«td 
of copper stay bolt^ should, in conaeqiience,be made larger thani 
the usual practice, aa, too often, little or no thread b left id 
depend upon. 

For platea leaa than f inch thick, tbe number of threads 
the bolts' stay should not exceed 11 or 12 to tbe inch, in or 
to get a good bold when screwed into the plate. When 
stay is not screwed into the plate it is usual to seoure the e; 
with nuts and washers, which should be applied to both ai 
of the plate, to insure tightness or freedom from 
The thickness of the nut is usually made equal to the 
of the screw. This allows a margin of strength to ooinpenub 
for liadly formed and loose threads. It bos been found tbi 
where the thickness of the nut and diameter of the screw it 
aa f to 1, threads of ordinary pitch, if well made, and a goo 
fit, will not strip before the bolt breaks. 

Besides being screwed into the plate and having the ta 

riveted over, or passed thtovigb the glate and necured by mA 

and wasiera, longitudinsA and trthei b^^kj \i»TO,'vftoj^iMq^ 

^^tor s<juare or round, can \» aecuMai \o ftefc -BNataft^ '" 
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of pins, bolts, or ootters passing through angle irons or T irons, 
which impart stiffness to the plate they are riveted to. The 
practioe of seooring them by cotters and saddle plates is not so 
eommon as it was a few years ago. When pins or bolts are 
used they should always be arranged for double shear, either 
by forming double eyes upon the ends of the sfcay which 
ohp the T iron, or by forming a single eye on the stay and 
placing it between two angle irons through which the pin 
passes. 

In proportioning the sizes of the stay bar and its bolt so that 
ihey may be of equal ultimate breaking strength, the diameter 
of the bolts will usually be too small to afford sufficient bearing 
surface in the angle or T iron, which, except in locomotive 
boilers, seldom exceed I" in thickness, and soon fail by crippling 
or bulging. In order to increase the bearing surface on the 
angle iron and at the same time to impart additional stifihess 
to the structure, ^ ^^ ^^ pl&tes about 6" wide are frequently 
riveted to these end angle irons in stationary boilers. Instead of 
nfdng a very large single bolt to ensure sufficient bearing sur- 
face, it is better to forge a good deep T end upon the stay bar, 
which can be secured to the angle irons between which it is 
placed by three or four bolts of moderate diameter. 

A defect often met with in staying t)ie ends of boilers is the 
omission of cotters through the pins when double eyes and 
angle T irons are used. This omission allows the double eye 
to open out under strain, when it acts upon its pin with con- 
aiderable leverage and bends it. These pins are sometimes 
found bent to an angle of 90° and totally inoperative. When 
the stay is secured by cotters and saddle irons care should be 
taken to make the cotter of sufficient depth, since it is usually 
by its bending that this system fails. The hole through the 
saddle plate should not be cut larger than is absolutely neces- 
sary to let the stay pass, which is usually square. 

When the flat surface is of small area and the pressure is not 
great, stays or tie bolts are sometimes dispensed with, and stiff- 
ness is imparted by simply riveting angle or T irons to the flat 
plates. These are disposed radially or in which ever manner 
they can best be applied to take the strain, according to circum- 
stances. This mode of strengthening the ends of cylindrical 
boilers is very inefficient, and is unfortunately but too often 
employed. Numerous cases have occurred where it has been 
the Bonroe of much annoyance and loss. It l& w%Q^ f^\\^^^ V3 
OMj^em to save expense, or by those wlio ^ia^ft «x^\^s?m»^ 



trouble from grooving aud other evils oanaed by an injudicioiu 
applicatiou of gussets or other stayii. 

It is HotuetimsB argued thut if the ends be prevented from 
bulging by stilfening ribs, any further staying to the shall or 
Iroin end to eud is superfluo-ua, as the riveta aecuriiig tha end 
to the shell are suffioiant of themselves to prevent the end from 
being torn off. This argument can, however, only apply 
boiler, for it is found that the ever-varying atrains to which the 
flat surfaces of boilers are subjected, often in the course of tima 
seriously affect the strength of these stiffening ribs however veil 
they may have answered at first. Ca-sea have occurred whera 
T iron ribs on the ends of internally fired boilers have becoi 
crippled with the working pressure after a few years' use, and 
yet showed no permanent set when the boiler was tested by 
water at double the pressure when new. In the cases refened 
to, the T irons were not injured by oorxoaion, which would have 
caDsed them to fail much sooner. The loss of strength can only be 
ascribed to the injurious effect of the contiuually varying strain. 

The circumstance appears to be sometimes overlooked 
the pressure against a flat end plate merely stiffened and not 
stayed, exerts an awkward strain on the rivets and heads lA- 
taching it to the shell angle iron, and a trying transversa 
on the plate at the line of attachment, in coniiequenca of wMcb 
plates strengthened in this manner often fail from teuiug 
through the line of rivet holes. 

It is only in cases where the diameter of the boiler 
small, or the pressure very low, that stiffening ribs are to be 
recommended. In some instances they can be advantageously 
applied as auxiliaries to longitudinal and gusset staying. 

In boilers of considerable length, say 20 feet and upward*, 
it is necessary to support or suspend the longitudinal stays, 
unless they are secured by nuts at one end at least, they sh 
be divided at mid length and provided with a double socket and 
two cotters to draw them taut. It is of the tiriit importaiu 
that the arrangement of longitudinal staying should not inter- 
fere with the efficient cleaning or examination of the inside of 
the boiler. But in too many cases the stays are made 
in section and consequently many in number as to render it 
quite impoBsi'ile to reach all part^i of the boiler. For facility 
of cleaning and examination as well as for efficient staying, gns- 
eets sbovUl he used in preftrenco to any other method for 
strengtheuing the flat ends, uuWft Om \«ii(ii "la cR ft\uili small 
Jeogtb comf sred with the iliametet ba \o Tsuiex ^^» 
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of efficient guBsets as great an impediment to cleaning as loDgi- 
tudinal staying. 

In all cases where single gnsset plates are nsed they should 
be secured to the shell and ends by doable angle irons with the 
riyets in double shear, and not by single L irons or X ii^ons with 
tiie rivets loosely inserted and acting with scarcely any effect. 
Double gusset plates and T irons are not to be recommended 
owing to their greater expense, when single plates and double- 
tngle irons can be made to do as welL Some makers set and 
fix their gussets to the shell before the end plate is attached. 
This enables the gusset to be made of one plate. When, how- 
ever, the gussets are applied subsequently to the fixing of the 
end plates, they require to be made in pieces sufficiently narrow 
to admit of their introduction through the manhole. The 
former of these methods requires greater skill to make a good 
job, but forms a better stay than the latter. When the stay 
consists of a single gusset plate, and where its length and 
strength of attachment on the shell side is sufficient to resist 
the tendency of the strain to move it in a longitudinal direction 
or to turn it on a point near the comer formed by the end 
platie and shell, it will fail by crippling at the rivet holes, or by 
ahearing the rivets securing the plate to the end, or by drawing 
off the rivet heads securing the angle irons to the fiat end, which 
must therefore be made sufficiently strong to bear the strain 
where most severe, which will be at the centre of gravity of the 
sector when the gusset is arranged radially. 

When the stay consists of a gusset plate and diagonal plate, the 
strength of the latter must be considered separately as a diagonal 
stay. It may, however, be remarked that a considerable portion 
of the strain that would otherwise come upon the diagonal plate 
is distributed by the angle iron over a portion of the gusset plate; 
and where the edges of the two plates are also butted well to- 
gether the whole stay may be considered as a solid gusset plate. 
There can be no doubt that where applicable a gusset forms 
the best stay, especially in cases where it is of great depth, 
which enables it to act effectively over a great length of plate. 
In the event of the end plate giving way through the rivet 
holes or along the edge of the angle iron securing it to the boiler 
shell or ffue tubes, the gusset plate if well secured would be 
more likely than any other kind of ^tay to hold the end plate 
in its place and allow the pressure to diminish gradually through 
the rent formed^ instead of blowing the p\&tQ <^\£l\^q\^'3 ^:«^ 
snd oauBtng a violent explosion. 



In cftsee \there considerable pressure b used, it is adTisil 
to eiteiid the length of thti guaset along the shell and Beoure 
to the aaoond belting of plates, aud not to the first only, wM 
is the usual practice. Long] plain, cylindrical eztonially fiti 
boilers being liable to break their bocks, should have their em 
tied together with stout lODgitudinal plate or bar-staja propei 
suspended or supported where Decesaaiy. These stays an D 
so much intended to prevent the occurrence of transverse eel 
tips as to prevent the two ends flying off in opposite direetia 
if a transverse rent should occur, and so far are meaut to pi 
vent an explosion, or at least to greatly mitigate its effects. 

Straight furnace tubes attached by angle irons or fliuiges 
ffat plates aud small tubes riveted over at the ends may' 
regarded as stays for the plates they unite. When, however, 
the cose of a cluster of smaU tubes the plates are thin ondof hq 
area the tubes alone cannot be depended upon, even when femili 
aud riveted over at both ends, and their efficiency as stays shonl 
be increased either by prolonging some of them beyond the platJ 
and screwing nuts on their ends, or by inserting at proper dil 
tances longitudinal stays secured by nuts both inside and ont, 

It must be remembered that in longitudinal tubes heaiol 
internally either all round their circumference when verticaj 
or only on their upper snrfaee when horizontal, the greatj 
expansion of the tube compared with that of the shell, throil 
a severe strain on the end attachment and stays, over aq 
above that due to the presBure. Tliia happens only with tubj 
of too large a diameter compared with their length to accomma 
date themselves to the expansion by bending, and it is oiu 
after the expansion due to the heat has been allowed by tfl 
bnlgiug of the end plate or stretching of the shell and staji 
that the tube can be regarded as a stay at alL It is, tJierefi»| 
obvious that such tubes should have freedom to expand an 
contract without throwing undue stress on the rest of the boildl 
which is best effected by imparting to the end plates the leM 
amoont of rigiility consistent with safety, which may be doj 
by keeping all the stays the greatest distance allowable &tii 
the tube, aud by making the flat ends as thiu as may 1| 
expedient. 

The flat ends of tubular boOera, at least up to 8 1^ 

diameter, should always be made iu one plate, either solid \ 

welded, and not in several pieces, which are so liable to le&k t 

groove at the riveted jointa. ] 

The usual method o£ oalailaibintt XW ^oawscia waiii^a^di 
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is to consider each bolt as ■^^Ttaiiiiig A* p »^^ ii» w^rjst 
lA certaiii area of the plate to idiidi it is 
space staying the area is measuzed bj 
hthe rectangle contained between fimr 
i bolts, as in fig. 13. 

Wbere the pressure is Terjr great, 
tts in locomotive boilers, the strengih 

of the plate is not taken into aoeoont, 

the whole pressure being regarded as 
* borne by the staya Water-space stays 

should be made to bear at most ooo- 

eighth or one-tenth their Inreaking strain, 

or say 4000 lbs. per square inch, to 

ensure sufficient strength being left when tiiej are wast^ by 

corrosion. The whole surface of the stay bc^ is expoae>i to the 

corrosive effect of the water, whilst only ono aide of the p!at« 

is exposed. 

The size of the stay may be loond by the following 

formula : — 




A = 



4000 



between centres, and 



where A = area of eadi bolt ; «= 
P = working pressure. 

When the area of the boUs ii gtren, the dist&nce of the 
centres can be found as follows : — 



..y- 



4000 X A 



In determining the diameter of stay, it is usual to make it 
twice the thickness of the plate. 

To render the inside of locomotive and similar boilers more 
accessible, the end plate stays are sometimes arranged diago- 
nally and secured to the shell, and in various other descrip- 
tions of boilers diagonal stays are used instead of longitudinaL 
These diagonal stays should never be attached to the inside 
furnaces or furnace tubes, where they are liable to cause trouble 
by their tendency to arrest the expansion and contraction of 
the plates. The resultant tension is greater on a diagonal than 
on a longitudinal stay, and may be found thus : — 

P 
D = 



cobIq a 



^\ 



r 



iP^amnHP 



where D = tension on dia.goDaJ ata; ; P = prsssure against end 
plate, and A the angle which the stay makaa with the direc- 
tioii of the pressure against the flat plate. 

In fig. 14, if we make S 



Pig. H. 




tha distance between the fiat 
1, and Bta; attachment 
B = the pressure at right 
angles to the plate which ii 
Bnpported hy the Btay, the 
tension B wOl be repreaentetl 
graphically bj the centre line 
^ T of Btay. 

We arc indebted to Sir 
eiperiments on iron and cnpper screwed 
^er and iron plates simitar to locomo- 



W. Fairbairn for bo 
ittay bolts, let into ( 
tive fireboi staying. 

lat. A ^" iron stay with enlarged head screwed and riveted 
into a §" iron plate, failed by breaking through the Hhank with 
125 tons, the acrew and plata remaining uninjured. 

2nd, A Eiinilar arraugement, but with a copper plate, failed 
with a load of 10-7 tons, the head tearing off, and the copper 
threads stripping. 

3rd. A I" iron stay with enlarged end screwed into h 
^" copper plate, and not riveted, was drawn out of the plftte 
by 81 tons, the copper thread stripping. 

4th. A ^" copper stay with enlarged end, screwed ud 
riveted into a ^ coppper plate, broke through the shank with 
r'2 tons, after xtretchiog ^j''. 

The above results may be arranged aa followa ; — 
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The first of these results shows that f " length of screw, sup- 
plemented by a riveted head, is fully equal In strength to the 
bolt. 

Comparing the second and fourth results, we find that an 
iron stay is 50 per cent, stronger than the copper stay, both 
being in copper plates. 

The meldiod of locomotive firebox staying was still further 
tested by the same eminent authority. Two boxes were con- 
Btructed, each 22" square, having 2f " water space between f " iron 
and J" copper plates, stayed with \^" iron stays, having enlarged 
ends screwed into the plates, and riveted. In one box the 
stays were arranged at 5" centres. On the application of 
Water pressure the sides began at 455 lbs. per square inch to 
bulge outwards between the stays. At 815 lbs. the construc- 
tion gave way, the head of the central stay being drawn 
through the copper plate. In the other box the stays were 
placed at 4" centres. The bulging began at 515 lbs., increas- 
ing to 995 lbs. ; from this to 1295 lbs. the increase of the 
bulging was inappreciable ; it then increased till the pressure 
reached 1600 lbs., when it amounted to one-third of an inch. 
At 1625 lbs. the ^" iron plate gave way by the thread strip- 
ping, and allowed one of the stays to be drawn through. 

In this last experiment the iron plate and not the copper 
one was the weakest, whilst the stays remained sound. The 
greatest stress upon each stay was 9 tons for those at 5" centres, 
and 11^ tons for those at 4" centres. The actual breaking 
strength of the stays would be about 16 tons. 

Comparing these last results with the first of the other set 
of experiments, we find the thread in the iron plate 14 per 
cent, weaker under conditions approaching nearer to those in 
actual practice than obtained in the experiment when the plate 
stood sound at 12 '5 tons. The bulging of the plate may 
account for the decrease of strength, as it would cause the plate 
to be drawn away all round the screw, especially on the 
inside, and would therefore diminish the efiiciency of the 
threads. With a similar box, but having the stays at 9" or 
10" centres, it is very probable the bulging would be so great 
as to enlarge the holes, and allow the centre stays to draw out 
without even stripping the threads. 

Whatever value the above experiments may have in proving 
that for similar arrangements the bolt ia wi&aVet \^i&T^ \\i^ ^^^X.^^ 
and thai the utiual practice of locomotwe iiteXiax ^\,ia.'^'\\v^ *"«► 
fumaeuaf BircxDg, they afford no BufRdent. da\»i on nn\i^^ "^^ 
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base the ultimate strength of the plates themaelveB, ui for 
inBtance when thu stays are better secured by nuts and waabere 
instead of by riveting over. For want of better informatiou 
we are still juatified in proportioning our stayed Burfaoaa 
according to the theory advanced on page 23- — ^tbat the 
strength of fiat stayed surfaced ia inversely as the ar]uare of the 
diatanoe of the ataya, the thickness being constant, and with 
the same diatance of stays the strength of the pinte varies a« 
the square of the thickness, and may be expressed hj the 
following formula ; — 



where P = preHsnre, i = distance between stays, c = a eon- 
stant, which we may take at 54,000 for iron plates, /i = thiok- 
. of plate. If we tako G as the factor of safety, e 



When the pressure and thick ne 



=v/5 



from whicb formula the following table of distances of stayg 5 
different pressures with |'' -^g" and 1" plates is calculated. 
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Aa tlie unstayed surffuses are calculated from the centres of 
the stay bolts, instead of from the edge of the head or actual 
point of support, the above table gives a greater margin of 
safety than 6, and the centres may be increased l^'' for f " 
plates ; 1^" for ^/ plates, and If" for J" plates. The strength 
of the bolts must be increased to correspond with the increase 
of surface ; and instead of the sizes given at bottom of the table, 
ihey will vary from 1 to Ij, from 1^ to If, and from 1| to If 
respectively for pressures of from 20 to 160 lbs. The increased 
distances can only be relied upon where the stays are secured 
by nuts, or where these are not admissible, by strong, stout, 
riveted heads, not liaUe to waste away, and not where the 
palt^ flat heads so generally used are employed. 

As, however, 1", Ij" and 1^' are for |", -j^* and J" plates 
respectively, the largest diameter of stay that admits of having 
proper sized heads formed by hammering, without injuring the 
threads, these diameters ^ould limit the widest centres of 
stays, when nuts are not used, at different pressures, which may 
be found by the formula already given at page 99. 



=y' 



'4000 X A 
S 



It may be remarked that the centres of stays in locomotive 
fireboxes are seldom determined by the thickness of metal or 
pressure, 4" centres being the general rule for firebox staying, 
whether the pressure be 100 lbs. or 180 lbs., or the plates be 
-fg" OT -f. The centres in this case are determined chiefly 
by the capability of the copper plates in the furnace to resist 
bulging when they become over-heated, which often happens, 
especially when the water is bad. 

The above experiments of Fairbaim were made on plates and 
stays at an ordinary atmospheric temperature, and cannot 
therefore be taken as a standard for the strength of copper 
plates in a firebox. In treating of the properties of copper, it 
was stated that its strength diminished rapidly with an increase 
of temperature, some experiments having shown tbat 25 per cent, 
of its tensile strength was lost at a temperature of 500°. When 
the water is very bad, there can be no doubt that the tem- 
perature of the plates rises considerably above this. This cir- 
cumstance accounts for f " and ^" copper plates stayed at 4^ 
centres sometimes failing after two or thiee '^««c^ ^oitV^ ^^xA<st. 
a pressure of from lOO.lha. to 140 Iba. T\i^ i2tiaxwi\»^x ^1 N>s^^ 



fHillue TuiMin an n □accountable moaner ; HomeliineB the plittw 
are rent for a considerable Icugtb in a atruight line between tvo 
TOWS of «taf e, and in aome cai<eB, especially when the ataja are 
wider aoart than unnal, or sbout 6", the balged piste gives way 
at ite apex, the course of the rent being diagonal to the ataji. 
The position, also, of the rupture varies tn difierent caaeSi 
FrequeDtly the crown pkte girea way first, which may be 
Hcconnted for by the deposit from the water Bettlilig Q 
plate. When the water is very bai), the partial choking ap of 
the aide and end water spaces, partiouludy when they t 
cramped, impedes the free ebullition of the water, and overheat- 
ing, as in the other case, endues. 

The flat crowns of locomotive aud portable boiler fireboxes, 
and of combtution chambers, are not uanally directlj' stayed to 
the outer shell, like the ends and sides of the fire-boxes, bat 
are Btreugtbeued by utay bolts and nuts suspended from wronght- 
iron girder stays, which shonld be bedded firmly on the top* of 
the end or side plates, but by preference on the former, Thew 
girder stays are either forged solid, or they are m 
plates, with a space between, for the bolts, and are riveted 
together at the ends. To avoid haviug an undue thickness of 
metal, as well as to preserve a water way for circulation, knd 
cleaning oat, a clear space of at least Ij inch should be left 
between the roof ptats and girder stay. lu order to enable tha 
stay bott to be tightly screwed up, without beudiDg the plat«, 
it is the usual practico to insert ferrules between the plate ami 
stay. Another plan is to forge projections on to tb 
bottom, which serve as distaiioe pieces, and into which the stay 
bolts are tapped from the under side. Both these methods aot 
also with advantage in imparting great strength and stiifiisa 
the whole. The plate is thus made to act as a bottom flange 
to the girder, aud is tixed at the ends, whilst the web ia merely 
supported at both endii. The girder is therefore of a compound 
type. For want of sufficient experimental data from which to 
deduce a rule for the strength and stiffness of this arrangement, 
we must confine our attention to the strength of the stay itself 
using a anialler factor of safety in consequence of the strength 
imparted by the bottom flange. The stay usy then be taken 
aR a beam, uniformly loaded, and supported at both euda. !(■ 
strength can therefore he determined by the usual formula j 

\V I 1 b d- 
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Where W = distributed weight, = pressure x distance be- 
tween girdezB x length of span =z p x S X 2 
I = length of span in inches. 
e = modolas of rapture := 54000. 
h = breadth in inches. 
d z= depth y, yy 
p = pressure in lbs. per square inch. 

The length of span being given as well as the pressure and 
width between girders, the breadth and depth are the unknown 
quantities usually required. The breadth varies from ^ to ^ 
the depth, and may be taken at :Jth, which is about the average. 
Taking the fietctor of safety at about 3, the formula for the 
depth beocHnes 






6000 

In girder stays of long span one-fourth the depth will be 
found too much for the thickness, and may be made one-fifth, 
the depth being increased to correspond. 

As wrought-iron bars under a transverse strain deflect con- 
siderably before they break, the useful strength of wrought-iron 
girder stays must be estimated by the amount of deflection it is 
safe or expedient to allow, and not by their actual breaking 
weight. It has been found that in bars, whose depth is not 
less than about one-tenth their length, the^ de,flection due to a 
load less than that required to overcome the limit of elasticity, 
or about one-third the breaking weight, is trifling, and when the 
strength is proportioned accordingly the bar may be regarded as 
sufficiently stifll 

When a girder stay of known proportions has been found to 
answer under a certain pressure, it is sometimes useful to know 
how its stiffness is affected by the alteration of pressure, or of 
its proportions. The conditions of stiffness are shown by the 
following formula : 

I = length of beam, b = breadth, and d = depth, 
e = a constant quality, and d = deflection. 

From this it is seen that the deflection of Si bo&XEL v^ ^^^V^ 
MS the weight and cube oi the lengtih) &u^ ixr^Qntf^iS ^si^ ^OckSi 
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bretdth and cube of the depth. In order to preserve the same 
KtiffueaB, the depth must be uicreaaed in the aatue proportion u 
the length, the l)ro{uUh romam-iag conatAnt. With a cDHBtttnt 
depth the stiA'aeiis vill reiaaio nnalterad when the breudlh ii 
a« the cube of the leugth, or whan fi ' is as f. 

The usual method of stajiug firebox orowns hy girder st&yB 
has the disadvantage of causiiig half the load on the crown plate 
to be concentrated upon a few portiouB of th« end platee. With 
a large firebox this load is frequently more than that required 
to crush the copper and produce distortiou of Ibe tube holea. 
In order to avoid this and the great size of the stay, necesaarj 
in very long fireboxes, if arranged loiigitudioally, the girder 
Btaya are sometimeH arrangud tTansversely, In whichever man- 
ner these stays are placed, too great oare cannot be taken to 
make them eufficieotly long, and to bed them firmly and evenly 
on the end or aide plates, in order that the weight coay come 
directly on to these, and be carried by the foundation ring of 
the firebox instead of by the roof pLtte, which is sometimea the 
case when the oeusurable plan is adopted of not letting the 
girder stay enda project past the ends or sides, but merely to 
rest on the crown plate, thus throwing the weight on the 
joints, or portion of the roof that is ill calculated to bear the 

In order to relieve the foundation ring of the great strain 
that would othemise be thrown upon it, aome of the girder 
stays are usually seoiired to the outer shell crown by sling stays 
attached to angle or T irons. 

A plan of arranging the girder ata^, adtqitod to a eossider- 
able extent on the continent, is to carry them right across the 
firebox crown, and aecuro them firmly to the outaide shell 
aides, which must be carried sufficiently high to admit of this 
arrangement. The formula for calculating the strength of 
these stays is that for beams uniformly loaded and fixed at botk 

Another arrangement is to fix the girder stays in a longitn- 
dinal direction to the outer shell crown. In this case tile stay* 
usually consist of plates secured by angle itoiiH to the Eholl, 
with double-angle irons below, to which the firebox crown is 
staged by bolts in the usual manner. This and must of the 
arrangements of girder staying interfere greatly wttli the wash- 
ing out and cleaning of the crown, which rapidly wears out in 
coasequenoe. In order to obvute thia d,«f«ci, aud at the si 
amo to get rid of the cumbrotu weV^Vl uA tc 
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stays the practice is becoming now more general of staying the fire- 
box crown to the outer shell like the sides and ends. The 
onter shell crown plate is in some such cases made flat, which 
renders the attachment of the stays more easy, and allows the 
outside plate to spring, and so accommodate itself to the ex- 
pansion and contraction of the firebox, to which it in now 
rigidly attached. Where the outer shell is circular the stays 
require to be arranged to allow sujQScient play at the ends of 
the inside crown for the vertical expansion and contraction of 
the side and end plates. 

In order to preserve the cylindrical form, the tubes in the 
best made Cornish and Lancashire boUers are welded at the 
longitudinal joints when made of iron. In using steel and 
where the workmanship of the welding cannot be relied upon 
iu iron tubes, butt joints with strips on the water side should 
be used. These longitudinal seams in the furnace plates 
should in all cases be kept below the fire bars, whether the 
joint be lap, butt, or welded. Steel tubes are usually con- 
sidered stronger than iron in the ratio of 6:5. The usual 
means of strengthening furnace tubes by dividing them iuto 
short lengths is to join each belt, or every second or third belt, 
according to the strength required by T-iron rings, '^Adamson " 
ring seams, or ^' Bowling " hoops. 

In using the first method (fig. 15) which imparts great (some- 
times too great) rigidity to the tube, the flange in contact with 
the tubes should not esceed the thickness of the plate, or say 
i" as a rule, but the perpendicular flange may be made stronger. 
By making the successive belts of plate to butt closely 
together, a practice which is still sometimes stupidly adopted, 
too great rigidity is imparted to the tube, and grooving on the 
water side at the edge of the y-iron flanges is sure to follow. 
Owing to the difficulty of effectually caulking such a joint, 
either in a single or F' 15 

two-flued boiler, when °* 

a leakage occurs at the 
water spaces, it cannot 
be stopped, and the 
tube must be even- 
tually replaced by one 
of better design. In 
order to ease the tube, 

and to allow of efficient caulking at any time, which can be 
done aU round the tube on the fire side) & c^^^ ^^^^^ ^ %^ 
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least 1* between the plates ahauld always be allowed, as shown 
in fig. 16. This also lesaeua the liability to overheat at tiia 
HBBin by keeping dowo the thicknesa of materinl. To maka 
a good job by thia mode of Btrengtlieuing, accurate workman- 
ship is required, as the two lengths of tube which are embraced 
by the same ring should be of eiautly the same diameter, or 
the joint will gino trouble. 

A better means, however, of strengtheiiing than the above 
ia the Adamson or flanged seam {fig. 16), which has long been 
used nith success. It necesHitates 
^- '*■ the use of good iron in the first 

~~ place to ensure sound flanging, 

which is, however, sotnetimes not 
skilfully done, and the plates are 
seriously reduced in thickness at 
the edge. In many boiler works 
this flanging is economically dons 
by suitable machinery in one or two heats, which ensures a 
better job being made, and distresses the plutc less than 
the repeated heating with the common methol, an advan- 
tage of vital importance when steel is the uaterial to be 
operated upon. The atrip of plate between the flaogiia is 
used rather to admit of sound caulking from the fire side, than 
to add strength. The root of the flange should uoi have too 
small a radius, say not less than f in the inside, or the plate 
will be liable to become grooved on the crown by tha alternate 
expansion and coutractioe, the allowance of which is one of the 
advantages claimed for this seam. The grooving of the flange, 
which frequently takes place, especially at the end attachment, 
is easily repaired by riveting over it a piece of thin plate. Not 
the least important advanti^ in this seam is that it keeps all 
the rivet heads and plate edges away from the fire, which 
renders it eminently suitable for a furnace joint. The presinre 
uiside the boiler also tends to keep the joint closed. When 
any defect requiring repairs occurs at the joints, either to the 
plates or rivets, in tlie narrow water spaces at the aides of or 
'between the tubes in Lancashire boilers, or at the bottom 
of Cornish boilers, the inacoefisible position renders repairing 
very difficult. 

The bowling hoop (fig. IT) in iron or steel is of more recent 
date, and has not been so largely applied as the other two 
laetboda. Its shape precludes the oVijeotion of too great rigidity, 
^i like tho T-irou hoop) it liaa t^ ^aaiiisu,\f.t^, -viMO.. 
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to connect the fnmaoe plates, of pUoDg a joint, along with 
double thickness of plate in the fire. 

Fig. 17. 







Another method of strengthening tubes consists in making 
the contiguous belts that make up the tube of two different sizes. 
The ends of the smaller belts are flanged to a ~I_ shape to re- 
ceive the larger lengths, and these flanges impart strength to 
the tube. 

It has also been proposed to strengthen tabes by making 
them of corrugated plates, the corrugations running at right- 
angles to the axis of the tube. 

In many second-rate boiler works, instead of using any of 
the above means for strengthening the tubes, it is a common 
practice to apply one or more welded or jointed T or angle iron 
hoops (figs. 18 and 19), secured to the tube plates by rivets, 
which should not be more than 6" centres apart. 



Fig. 18. 




In order to avoid overheating by having an undue thick- 
ness of metal, about an inch water space is maintained between 
the hoop and the tube by means of ferrules, as shown. As 
these have no duty but to act as distance pieces they are best 
made very light, and everything should bo doikft to kao^ tha 
Bpace SB clear aa clear as possible to avoid overlaa^Xm^. ^V^S5w& 
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object in Tiew, T iron hoops should never he employed. Theii 
extra atreugtb a totally uimeceBBary, and thair iiicreased width 
acts injuriously in preveutiug tbe escape of the atfiam from the 
tuba Burface, and in harbonring the iucrustation aud deposit to 
a greater extent than the uarroner L iron flauge. The vawi 
size of angle is from 3" X 3" to 2i" X Sj" X i". A saotion oi 
3" X 2i" X f " might, however, be used with advantage, TTiia 
would be found quite strong enough, aud much lighter thin 
the sectionB usually employed. 

These streugtheuiug liugs are bequently found riveted to tha 
body of the plate, without any water spaces at all, or with the 
water space so small as to be practically worthless, the circu- 
lation of the water and removal of the accumulated dirt being 
entirely prevented. The result of this practice la overheating, 
the effects of which are unmistakably exhibited in cracked 
rivet-holes aud consequent leakage and oorroxion. 

It frequently happens that GtrHngtbeuiug hoops require to 
be added to boilers already in use, or after thuii coiiatructian 
is oompleted. In such cases angle irons should be used, and in 
order to get them through the mauhole they require to be made 
in halves. lu putting these rouud the tubes their ends should Im 
oarefnlly butted together, auil secured by double fiah-platM, 
with at least two rivets at each side of the butt They can 
then be secured to the tabes with rivets passed through light 
ferrules, about one inch deep, and at not more than i>" oeutres. 
In Itancashire boilers, with very narrow middle aud side water 
spaces, the perpendicular flange often requireB to be cut aw^ 
to clear the shell or the other tube, and care should be taken 
that it clears properly when put on and when tbe boiler is at 
work, and also that the incruHtatiou does not effectually bind it 
to the shell after working some time. The corresponding hoopa 
on the flues of Lancaxhire boilers should be placed two or three 
inches clear of each other. Wlien these hoops come in contaot 
with the shell or with each other, they interfere with the frea 
action of the tubes, which frequently leads to leakage, fractored 
rivet holes, and started seams. 

There can be no doubt that the "Adamson " seam is the only 
one whose priuciple recommends it for the furnace end of a 
tube where the joint is unavoidably exposed to the action of 
the fire, and it aliould be appUed in all new boilers to the furnace, 
whether tlie collapsing strength of the tube requires it or not. 
Sowever liable to cause slight overheating the angle iron hoop 
Bia^ bo, it ahoiild nevert'heksa W ape^'i Kwai &» ^b 
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to all nuBirengiheiied tubes in nse, as a precaution agaiust a 
oollapee on a large scale, in the event of the furnace crown 
becoming overheated. 

Cylindrical^ conical, oval, and rectangular water-tubes are 
often used as a means of strengthening boiler flue tubes of both 
cjlindrical and elliptical section. Where the side and middle 
water spaces are very small in Lancashire boilers, these water 
tabes are preferable to encircling hoops, as they offer at the 
same time one of the best means of improving the general 
circulation of the water in the boiler, which is always defective 
when the water spaces are less than 4", even with a clean 
shelL To facilitate their application to boilers in use water 
tubes are sometimes with advantage fixed in a sloping direc- 
tion fore and aft in the tube. The Galloway tube, however, 
offers the greatest facilities of application, besides being the 
best in shape for promoting the circulation. 

Where several water tubes are applied as means of strength- 
ening a cylindrical flue tube, they should be arranged vertically, 
and inclined sideways to break joint, but never quite hori- 
lontally, or in one line from end to end. When water tubes 
are used behind the bridge, the furnace itself, when cylindrical, 
should still be strengthened by an encircling hoop, to prevent 
a serious collapse, as already observed. The ends of water- 
tubes should always be flanged for new boilers. Angle irons 
only add to the risk of leakage, but may in some cases be used 
with advantage in old boilers, as they facilitate the application 
€i the tube. Some boiler-makers weld-in their water-tubes 
to avoid leakage from joints or rivets. No doubt the motive 
is good, but when the tube requires cutting out for replacing, 
the welded part also generally requires to be removed, and 
causes a very large hole to be made in the flue tube. 

Water pockets in the sides of the flue tubes are also em- 
ployed to a considerable extent, instead of water tubes passing 
through the centre. They certainly have the advantage of 
aUowing a freer passage along the tube for cleaning and ex- 
amination than ordinary &" or 6" water tubes, which are often 
injudiciously applied only three or four feet apart to tubes of 
even less than 2' 3" diameter, and prevent the passage of any 
but a very small adult ; the cleaning in consequence becomes 
neglected, and the reduction in the evaporative speed and 
economy of the boiler inevitably follows. 




The Gubject of boiler mountings may be fitly iatrodaoed }/f 
ft few reoaarka on tlieir proper mode of attachment, which ii 
too ofteu overlooked. 

The first object to be Bought is a good joint, nhioh wiU 
eBHure freedom from leaknge, and its accompaoyiag evils, 
the flat ends and flat BUtfaces, which can. be readily dressed up 
to form a good face there need be no difficulty in making a tight 
cement joint, by boltiug the mouutiugij directly on to the plate, 
provided that the plate is not liable to bulge by the pressure, 
and the flange to be bolt«d id not too thin, and the t 
bolts are not too feiT aud far between, and not too < 
admit of the nuts being tightly screwed up. The proportion 
between the Btifiness of the flange and the number and si 
bolts employed is a simple couaideration too frequently not 
sufficiently couiidered. 

On a curved surface, however, like a boikr-barrel, or hemi- 
Bpherioal end or dome crowu, an ordiuary cement joint with 
. bolt studs cauiiot bo depended upon for tightuc^a. In all aucli 
cases the mounting should be attached to a, ueatiug securely 
riveted to the plate, Thia aeating may be saitably made rf 
cast iron, from a pattern trieJ on to the curved aurfaoe. When 
the aperture id the plate is not of the roughest description, & 
good joint with the plate can be ensured by caulking from the 
inside. But in order to provide against any uncertainty in 
fit of the costiug, and to enable the joint to be caulked on 
outside, it is sometimes recoiumtuded to interpose a layer of 
sheet iron about -§ ' thick between the casting and the plat«, 
With careful workmanship a,nd ordinary skill this refinement 
is not necessary. 

In certain cases seatings of wrought-iron, brass, or c 
copper, admitting of taulkm^ iuauie aai oos, w 
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advantage. The surface of the seating, which receives the 
mounting, being flat in all cases, can be truly faced and a per- 
fectly tight joint insured. 

The form of the seating admits of some little variety, and 
may be left to individual taste and judgment. 

The application of riveted seatings is rendered doubly neces- 
sary when the attachment to the plates is concealed from view 
by brickwork or other covering. Yet they are often objected 
to on the score of expense. The outlay, however, in many 
cases would be far better applied in providing suitable seatings 
than in attaching a dome, which in the great majority of cases 
is an useless and cumbersome appendage. 

Where the mounting is attached once for all, there need 
be no difficulty in making a faced joint tight with a thin film 
of cement. But in cases where the joint is periodically broken 
and remade, as, for instance, at the manhole, the faces are 
liable to become uneven from rough usage, and the perfect 
tightnefis is no longer easily obtained. Cement being no 
longer proof against leakage, resort must be had to cord, 
india-rubber, copper wire, or what is sometimes found to 
answer better than anything with rough faces, namely a piece 
of §" or J" lead pipe carefully arranged, with the ends over- 
lapping within the circle of bolts. An excellent plan of 
making a tight joint is to cut a semi-circular ^-inch groove 
in each of the two faces, into which a copper wire is 
inserted, with the ends brazed together, and sufficiently thick 
to keep the faces from close contact when the joint is screwed 
up. The faces of manhole and mudhole-mouthpieces are often 
destroyed by attempts to wedge off the covers when these are 
difficult of removaL The reckless insertion of chisels, &g., 
may be avoided by providing two tap-bolts at opposite points 
in the cover. On screwing these up against the face of the 
■eating the cover is gently but irresistibly removed. 

THE FEEn APPARATUS. 

Every boiler should be provided with its own independent 
feed back pressure valve. In too many cases reliance is 
placed upon the pump valves and the check valve, fitted to 
some injectors for preventing the water being forced back out 
of the boiler by the steam pressure. Now^ ia the csaq of a 
aingJe boiler the pump valves may be consideie^ «»& ^ ^w^v£\<^\^ 
safegaard against the loss of water by tb© ^«b^ Vt cftX.ei'i^. 
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thare be no way of escape betweeu the boiler and the pumiL 
Bnt it so frequently happens, duriug the life of a boiler, that 
branches ore added to the feed delivery pipe tenuiuatiug ii 
stop valve, oi tap, which requires to be cloEed and opeued hy 
hauil, whereby a great risk of emptying the boiler is iiicuired, 
that it ie ml viable to fit a check valve to every new boUer in the 
firat iustauce. With respect to the check valve on a GiSkrd'a 
injector, its action cuunot be depended upon, as it is uauAlly 
inverted, or, at the beat, placed lioriiioiitiillj'. Boiler feed chai 
valves shouM uever be pluced horiaoutally, as, when the cIoHJug ot 
the valve is not assisted by its own weight, the back preaaura 
of water from the boiler often fails to make it act. 

When two or more boilers nra fed from the same pnmp, it 
13 necessary that each should be furnished with a back pressure . 
valve. The system, but too common, of providing each bialer 
merely with a stop valve for regulating the feed has led b 
numerous exploaions, from the water being syphoned out of 
one boiler into the other. The preeence of a stop valve between 
the pump and boiler shoulil always be accotnpatiied by a relief 
valve, to prevent risk of bursting the delivery pipe by closing 
the stop valve with the pump a.t work 

There are two descriptions of feed bock presanre valves 
general use, vie. : ball clacks, atid mitre valves with feather 
guides. The casing may be uade of cast iron, but the valve 
seat and lid mu-it be of brasa, or rather guu-metaL Ball valves 
are usually employed in locomotives, as they act more free)};, 
are lens prone to stick fast, require less frequent renewal, and 
are generally more suitable for the high speed of pump attained, 
in locomotive working. Mitre valves are also sometjmes v 
for locomotives, especially with injectors, and nearly always for 
stationary boilers, where they are readily adapted to act also ai 
stop valves, by haviug a spioJle made to screw down on thi 
valve lid, by which the amount of lift can be regulated, i 
common but daugerous praotitie ia to have this spindle attached 
to the valve. By tbis arrangement its closing can ba pre* 
vented, and it is thereby rendered non-self-acting and usalws 
for a back pressure valve. 

Two common defects met -with in the design of back pnflr 
aure valves are, 1, the allowance of too much lift, which qiuddj 
brings about the destruction of the v;dve and Beat, so br U 
tj^htneas is concerned, by the hammering action they undengo, 
eapecialij with a quick stroke pouip. 1. "Voa iaVvniT^ brandy 
. to the boiler h oAen not kept auflisiHa^^i ^li^ siiONe 'Coa ^■'— 
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and the diamber above the valve is not made sxifiScieDtly large. 
This, causing the baok pressure to act on the side of the valve, 
instead of on the top, leads to the unequal wear of the seat, if 
it does not actually prevent the valve from closing properly. 
These two defects, which often escape detection, have been the 
caose of endless trouble in keeping these valves tight. One 
qoMTter-inch left is as much as any valve should have, and in 
many cases -^^'^ lifb should not be exceeded. The average rate 
of flow through the valve is 400 feet per minute, and should 
not exceed 600 feet. In order to diminish the blow on the 
valve, an air veasel is sometimes added, and also a valve for 
the admission of air on the suction side of the pump. To save 
the pipe from bursting, it is obvious that the size and lift of 
the pump valves should be governed by those of the check 
valve. 

A great diversity of opinion exists respecting the best position 
for the introduction of the feed water. The usual practice is 
to admit it near the bottom in all kinds of boilers. Whether 
this is theoretically correct with a view of obtaining the maxi- 
mum evaporative efficiency depends upon the description and 
anrangement of heating surface. There are, however, practical 
eonsiderations which completely overrule any supposed or actual 
saving of fuel to be derived from introducing the feed at the 
lowest point of the boiler. When the water enters at a very 
high temperature the results obtained from difference of posi- 
tion will of course be less marked. 

In externally fired boilers the usual plan is to carry the feed 
pipe from the crown down to within a few inches of the boiler 
bottom, which receives the impact of the cold water. The 
natural tendency of this mode of delivery is to lower the tem- 
perature of the plates in the vicinity of the feed pipe ori&ce 
every time the water enters, thus increasing unnecessarily the 
wear and tear of the boiler. When the feed is not heated, and 
the plates on to which it is delivered are exposed to a high 
temperature, this practice is simply dangerous, and is one of the 
most frequent causes of trausverse seam rips. Even with feed 
water at a high temperature, say 250°, the difference between 
this and the temperature of the plates may still be very great. 

When the pipe is cut short, say two feet from the bottom, 
the injurious effect of the entering water is no doubt diminished, 
but, even in this case, when the supply, sufficient to serve half- 
a-dozen hollers, ia concentrated for a time on a ftm^e^ "Vio^'et^ 
the water must be injected with great ioioo M^cva. VJcia ^^^^ 



beneath. A plan frcqueutly adopted to prevent the oooliug 
effect on the plates is to Si a Teesel uniler the mouth of the 
pipe to receive the feeiL By this me.tDs the water is also b«ttar 
dUtributed, as it overflows by dlspLiceuieiit from the aides of 
the vesdel. With aoine wateni thia vessel ma; be made to act 
usefully as a sediment collector. 

In Coroiah, Lancashire and similar hoiJorB, the feed is usuall; 
delivered near the bottom, either tlirough an aperture ia the 
front end plate, or through a vertical pipe from the crown, or 
by the bottom blow-out pi{«, Tbia practice appears to be due 
to the prevalent opinion that by delivoriug the cold feed at a 
high point ill the boiler the famace crown seams are liable to 
be started, and that the cold water should he ailmit'tud as far 
below the steam as possible, to prevent any condi^ii^iug effect it 
might produce. In multi-tubular boilers of the locomotive 
type, the feed is admitted at various points in the firaboi 
and barrel according to the practice prevailing in difieient 
localitieB. 

Now, in most iEtemaUy-flred tubular boilers there is a «m- 
fliderahle amount of dead water at the bottom which remains 
comparatively cold long after steam is being formed above where 
the heat is greatest, and it seems opposed to common sense to 
prolong the existence or increase the quantity of this dead water 
by admitting the cold feed at the bottom, where it has a ten- 
dency to remain. By introducing it at a higher point in the 
boiler, the comparatively cold water naturally tends to descend, 
in consequence of its superior gravity, and promotes the circular 
tion by dispkcement. lu its descant, which may be retarded 
by the cij^ulation, the water becomes heated, and thus t«ndfl to 
equalise the temperature above and below, and thereby lesseng 
the inequality between the temperatures of the top and botttna 
of the shell, which is so dextructive to the boiler. 

Another circumstance in conntction with this matter, whtdt 
is too often lost sight of, is the importance of preventing as mudl 
of the water aa possible from being forced baak through tlu 
feed inlet, in the event of the hack pressure valve not acting 
properly — by no means a rare occurrence brought about 
by defective condition, or by the obstruction caused by olup* 
or pieaei of incrustation hidging on the valve neat. Tl^ 
oonaideration alone should go far to determine the best point 
for the feed dehvcry, and consequently in the best l<oilerpra«tiae 
^a /eed apparatus is arraiVBeil to ieU'jCT a.nmcVOT^jins^sBls't 
~^A6fl lowest H-aterlflTel. By ttaie aiTo»^eg»nA "aifttaaniMfc! 
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of mteTDsMy fired boilers, and the hot side plates of externally 
fired boilers, are not liable to be suddenly drained dry in the 
event of the feed-check-valve becoming inoperative. In order 
to guard against any risk of starting the furnace-tube seams of 
internally fired boilers, the £eed should be admitted through a 
horizontal perforated pipe, having the end closed, from four to 
eight feet long, placed just below the lowest water leveL By 
this means the water is well distributed, and can have no 
sensible effect in contracting the plates. By making the internal 
feed-pipe of considerable length, an opportunity is afforded of 
raising the temperature of the entering water before it mixes 
with the water in the boiler. 

In using feed water containing much bicarbonate of lime in 
solution, the elevation of temperature causes such a rapid pre* 
dpitation of the lime salts, that the perforations become rapidly 
choked up, which leads to serious inconvenience. With water 
of this description, it is advisable to use a short internal pipe, 
only a few inches in length, ending in an open trough, or pipe 
of larger diameter with the upper side cut away. The distri- 
bution of the water is by this means still maintained, whilst the 
liability to choke up is to a great extent removed. 

In l^e locomotive class of boiler it is difficult to apply any 
internal feed arrangement, and experience has proved that from 
the diflSculty, and, in many cases, the impossibility, of frequent 
ezamiilation, it is safer to leave them off, in consequence of their 
liability to choke up with deposit. The same remark applies 
with almost equal force to small vertical boilers internally fired. 
A short pipe, delivering just below the water level, can in all 
caseSy however, be attached to the feed-valve, and arranged so 
as not to inject the water against the furnace plates or tubes. 
The feed inlet should never be placed near the tube plates or fire- 
box plates in locomotive boilers, since the contraction produced 
by the impingement of the cold feed is sure to make the tubes 
Ittiky if it does not crack the plates. This applies also to cases 
where an injector is used for feeding, notwithstanding the high 
temperature at which the feed is introduced. When the feed- 
valve is placed on the shell crown of horizontal boilers, the 
vertical pipe should be provided with a perforated T-pipe end, 
attached so that it can be easily removed for cleaning. In in- 
ternally fired boilers the feed valve is best placed on the side 
of the front end plate, where it is most accessible. 

When placed on the shell crown, the 'v«A."v© ^o\i\!^.\s^ ^o^- 
iUde &om the boiler front by means of geaxm|^ vo^Xi^';} ^rt^ja.^'a.^ 






'BTBXii!^ 



be iritliiii reacli of the fireman at b 
(•door aud water gauge. The feed si 
K^^ulftted to keep the water leTel aa 
dble. This can usually be easilf n 
for ateam is regular. It is fiu* betti 
oareieas but oummoa practice of allowLagfl 
-.periodically a few iiichBB and rapidly n 
I -teed full on. The rapid introduction i 
t 'Wftter frequently causes leakage at t 
KBOCeasea greatly the wear and tear o 
paddeiily contracting the plates, but alsc 
I the steam, pressure, and neces^tating hi 
p.^TBi! trouble by the priming it « 
s very important that theft 
into the boiler at as high a tem^ 
the yiev of juuntaining an evei 
boiler, so as to reduce the wear and ti 
expansion and contraction, and also ti 
fuel when the feed ia wanned by the a 
gases. The mode of estimating the aavi 

k increase in the temperature of the !t 
It may be remarkod that the value of a 
heating by the waste gasea is greatest nliiiii 
Motion with boiierB hadly proper I iotiuil •■■ 
■Uow a great waste of heat up the chiuitki<s. 
The feed-nater maybe heated in t 
densing engines it is usually supplied (rixu, 
the temperature is usually abont 1>J'> ■ 
engines it may be heated with ihj- 
surface or injection. The usuij tl : 
I to force the water from the puuif. 
L or Herpentine coil of pipes, encloat-ii 
F which the exhaust steam passes. 

exhaust escape through one or i 
narrow annular space, through »l 
into the boiler. The objection i- 
by exhaust steam is their Uubiliu 
vater contains a considerable 'jn 
of which rapidly diminishes tht> 
^^^^ may in course of time proven . 
^^Kcether, unless the pipe is siii 
^^^HSou of a coating thick imihu.'i 
^^^Wtha trater below the pcna.t u. ^ 
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Hie BBaal plan of heatiog hj injeeiian M to canj tbe exLsoss 
pipe into an open or doeed tank eontaming the vmter tobe Leased, 
upon the smfaoe of wliich the current of aceam is iirectal B7 
regulating the influx of the eold water the tempcraoxre cf the 
water in the tank can nsnally be nuantajfiwi at tiie toi'fnz zcmz. 
The water may be heated both bj the exhanat steam ar.1 tlie 
waste gases, by smtably arranging the annular chaniber rocni 
the ezhaost so as to reoeiTe the heat from the escaping g!Ls«a. 
The most effective pUm of heating bj the exhaast is to allow 
the water in the form of spcay to fiJl from the top of a ressel 
through the ascending corrent of &team. Where bat little 
grease is used in the cylinder, and the water L good^ headng 
by injection can be used with great advantage, but where the 
water contains much carbonate of lime or magnesia, the presence 
of these salts, in combination with the grease, leaiis to l^aky 
joints, fractured rivet holes aad bulged plates, and other effects 
of overheating, 

There are various plana for heating the feed by the waste 
gases. The water is sometimes led through a coU of pipes 
placed in the smoke-box or external flues. These apparatus 
are usually very efficient at first, when they are arranged across 
the current of gases, but their efficiency rapidly diminishes as 
the pipes become coated with soot and flue dirt, which usually 
happens unless the surface of the pipes is kept dean by con- 
tinual scraping. With an efficient apparatus in contact with 
the gases escaping at between 600° and 700°, the feed may 
be heated when the boOer is at work to 250° or more. 

In heating by exhaust steam from a non-condensing engine 
tiie feed can at the best only be raised to the boiling point 
corresponding to the barometric pressure, or to a temperature 
of about 212°. 

Since nearly all heating apparatus are liable to derangement 
from furring up, and from joints or pipes breaking in inacces- 
sible positions, it is advisable to have a duplicate and reliable 
direct communication between the pump and the boiler in cases 
where the stoppage of the boiler for a few hours is attended 
with great inconvenience. 

SAFETY VALYE& 

The safety valve should be large enough to allow all the 
•team that may he formed in the boiler to Q«Gai^m\)cL«Q!&ss\KiX 
lupidHjr to prevent the initial blowing-off ^i^«srax^ \^«yxi^ d? 



is almont impoasihio to make tbe joint tight at uU with e 
fnce i inch or mors in width. Another objection ia tbe tsrd^ 
FStciipo of steam prist the wide face, the direction being ■& 
right Btigles to itB flow before reaching the valve, which leads t» 
a oonsiderable rine in pressure compared with that at which tho 
valve lifts. 

In fiivonr of the mitra valve is the greater facility in keeiung^ 
the joint steam tight when the benring surface is oot made toa 
wide. A mitre 31^- inch in width i^ quite Bufficient, and i» 
found to ftcawer fur better for valves, at least up to four inch« 
diameter, thau beariugs ^ or -^ inch, which are more common. 
The usunl and best angle for the cone is 45°. The liability to 
stick fast increases with the acuteneas of the angle, and it 
should, therefore, not be less than the above. It is sometimcl 
urged against the efBciencj of the mitre that it requires a 
greater lift of valve for a given opening than the flat &ce. 
Experience shows, honever, that even as usually made, tbe 
mitre valve does not allow such a great elevation above the 
initial blowing-off pressure in the boiler as the other, ths 
diameter of valve, rapidity of evaporation, and the pressun 
being equal in both cases. 

At first sight it might be supposed that the eiposure of an 
increased area of valve lid to the reaction of the steam presaars 
as it becomes lifted from its seat, especially in the case of a 
disc valve with wide bearing, would cause tbe valve to be BtQI 
further lifted, and so favour the escape of steam. This, how- 
ever, does not take place, and can be accounted for by the fkcl 
of the steam nnder the facing being in a state of motion, at 
right angles, iu the case of a flat face, to the resistance, and not 
a vertical dead pressure, as it was before the valve lifted. Any 
increase of exposed seating area does Dot appear to have acy 
infln^nce in facilitating the efflux of steam by caiisinK a greater 
lift ; but on the contrary, the increased area diminishe* the 
amount of escape from a disc valve to such an extent as to lead 
to a considerable rise, iu some oases as much as from lU to 
30 lbs. above the initial blowing-off pressure of 60 lbs. or 70 II* 
The excess of area on the top of the valve, above that which i> 
exposed to the steam pressure when the valve is on its seatj hat 
to hear the additional unbalanced pre^isure of the atmospben 
when once the valve is lifted. No donbt this has some bSiieDW 
in resisting the rise of the valve, especially with low pressmM 
aod wide faxes. In connection wii\i xinafttA-fsfied valve, itnU' 
■iw meatioaed that the cnrioua eSect \ib* ^»wr o>3ainisA.*'4B 
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valve lid being rather drawn to the seat than repelled, and 
maintained at a certain distance, which diminishes as the initial 
blowiug-off pressure is increased. It is by many supposed that 
a valve once lifted will not close again until the pressure be- 
oomes reduced in proportion to the increased area exposed to 
the steam when the valve-lid is off its seat. That this is the 
case to some slight extent there can be no doubt, but not to 
such a degree as is generally supposed. The quantity of steam 
escaping after the pressure has subsided to the initial blowing- 
off pressure is usually only very small, and is much less with a 
mi1a*e face or sharp edge than a wide flat face, which does not 
appear to cut ofi the current of steam so readily. 

The valve lids are at present guided chiefly by inside wings 
or feathers, or by a central spindle. The former is decidedly 
the better plan, as the spindle is liable to get bent or stick fast 
by corrosion or dirt, which sooner or later insinuates itself. The 
wings are often made too good a flt, and stick fast when the 
valve becomes hot, especially when the casing is of cast iron, 
and the valve-lid is of brass. The method of guiding by outside 
pins is now rarely employed. Spherical valves require no 
guiding on their seat, and are in consequence less liable to stick 
fast, a most important advantage in a safety valve. 

Safety valves are weighted either indirectly by levers, or 
directly by weights or springs. When the valve-Hd is pressed 
down by a projection on the under side of a straight lever, au 
awkward lateral thrust is thrown upon the valve, in consequence 
of the centre of rotation being above the point where the thrust 
takes place. By bending down the fulcrum end of the lever 
sufficiently, this lateral thrust can be avoided. When, however, 
the weight is transferred to the valve by means of a pin loose 
under the lever, or secured by a double eye and bolt, the angular 
thrust is practically obviated. Instead of the pin bearing on the 
top of the valve, it is better made to act below the face or joint, 
whefeby the angularity of its action is diminished, and the 
weight acts by pulling rather than thrusting, which produces a 
steadier action on the valve. 

Another point in connection with the position of the fulcrum 
is that when the load is transmitted to the pin at a point below 
the centre of rotation of the lever, a rise of the valve reduces 
the leverage with which the load acts. This can be practically 
avoided by keeping the point at which the lever presses on the 
pin in the same horizontal line wit\i ihft a^ilvs q>1 x^\ai^\ssoL. 
Theoretically apeakiugf a feature commoii Wu^w^j ^ ^\jt"»^sgjs^» 
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lever arrangomButa is that tlie leverage is tedooed by the end of 
the lever moving in an aro when, the valve riaes. The reduction ia, 
however, so slight in moat cases aa not to be worth conaivlerilig. 

A. Berions dranbttok in lever safety valves as usunllj cou- 
Rtnicted, is the liability of tbe pins or bolts at the fiilcmm end 
to become fnat hy rnsting, or from getting clogged with grease 
and dirt. The liability to corrode may ba reduced by making 
the pins, doiible-ejeB, Or lever ends of gun metal. But in all 
cases it ia better to do away nith the centre pins altogether, 
and make the lever to tarn on a, knife-edge case-hardened, hy 
which the frictioii ia lednoed to a minimum. 

Lever safety valves, as UHUully constructed, are easily tam- 
pered witb, and readily prevouted from operating efficiently, if 
not altogether. It too frequeutly happens that the lever IB 
made much longer than necesaary for the blowing-off prearare 
with the weight provided. This allows tbe attendant, or any 
one actuated by mischief or malice, to increase the pressure iu 
tbe boiler sometimes to as much as 100 per cent, above the 
safe working pressure. In orJer to prpvent such an occurrence 
the lever should always be cut to the length suitable for the 
maiimum pressure the boiler is intended to be worked at, or 
the range of the weii^ht should be limited by means of a pin 
permajiantly fised iu the lever. Sometimes tbe weight is 
secured to its position by a padlock, whiah can be removed 
only by tbe owner, or other reHpontdble persoQ. On the oppo- 
Nte side of tbe valve caning to the fulcrum, there ia usually a 
guide for the lever to work in, which, instead of being a simple 
fork, is made with the top bridged over. This bridge is in- 
tended to prevent the lever riaiug sufficiently high to allow the 
valve to be blown away in the event of the weight dropping off 
Such an arrangement should, however, never be adopted, as it 
offers an opportunity of wedging down the lever and valve hard 
and fa?t, too often taken advantage of by reckless and carflen 
attendants, when the valve is not steam tight for want of re- 
KTindiug, or when the free escape of steam becomes trouble- 
some, Tlie commonest plan of overloading is to add to tbe 
regular weight, brickf, pieces of metal, or any other heavy 
article at hand by which the safety of the boiler may be en- 
dajigerud. In order that any overloading may be readily 
detected, onlyone weight Ehonl<l be allowed on the lever, and tfaii 
should be on the end. To facilitate the operation of regriuding 
tbe safety valve, the lid HhouU. aVwuja^to 5TOw\?A-*i\'L\i«.«yiate 
•firouil^ foece oaat on, ot otbar LuiOlj iaea.\»lciT \aiumi^'vi,' 
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• 'Where the boiler is closely housed in, and inconvenieuce is 
likely to arise from the steam escaping from the valve, it is 
usually led away by a -waste pipe cotnmunicatiog with the 
casing ronnd the valve. These box or bonneted safety valves, 
as they are called, add another source of danger in the spindle 
between the lever and valve, which, being made to pass through a 
hole or stuffing box, is liable to corrode, or otherwise stick fast. 
There should always be a small pipe to draw off the water, 
which, sooner or later, accumulates in the waste pipe, and 
which, if allowed to remain, will not only cause trouble by pre- 
venting the free escape of the steam, but becomes so much 
additional dead weight on the valve. In frosty weather this 
accumulated water is liable to freeze and choke up the escape 
pipe when the boiler is at rest, so as to render completely use- 
less the means provided for relieving the pressure in the boiler. 
When a hole is provided in the bottom of the waste pipe, with- 
out other means for conducting the water away from the boiler, 
the plates near the safety valve often suffer seriously from cor- 
rosion. When it is required to keep the boiler house free from 
steam, the best plan is to carry the pipes or branches right 
through the roof, and fix the safety valves outside the buibJiug, 
care being taken that they are in a conspicuous and accessible 
position. The valves in this case should only be of external 
dead- weight con s tru ction. 

In order to ascertain the weight necessary to apply at the 
end of the lever to balance a given pressure on the valve, there 
must be taken into account the load on the valve, due to the 
weight of the lever, as well as the weight of the valve itself 
and connections, which forms an increasing proportion to the 
total load, as the steam pressure is reduced, and the amount of 
leverage is diminished. The leverage with which the weight of 
the lever acts is measured by the distance of its centre of gravity 
from the fulcrum. The centre of gravity is easily found by 
balancing the lever on a knife edge, and the weights of the valve 
and lever can be ascertained by actual weighing. 

The resistance due to the weight of the valve and lever is, 
however, best ascertained by lifting the lever on iU place, hav- 
ing the valve temporarily attached, with a suitabLj spring 
balance applied exactly over the valve centre. But as this is 
done with the boiler at rest, it does not take into account the 
extra amount of friction thrown on the fulcrum pin by the 
pTBBsure, and on the valve guides by tbe iuvYvci^iX* >te\\sJv» <^1 "v^^ 
load when At work* 
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The wijnirail weight 
following formula : — 



,t the end of the lever ig found by tlw I 
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Where W ^ weight »t end of lever, 

L ^ distance between weight and fnlcmm, 

10 = weight of lever, 

g z: distftuce of centre of gravity of lever firom ful- 

P ^ pres-iilre in Ibf. per aqnare inch above atmosphen, 

Y ^ weight of valve, 

A ^ area of valve, 

{ ^ diHioncti betireea valve centre and fulcrum. 

When the load is given and it is required to find what ateun 
pressure is balanced on the valve, we have 
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When the lever is pressed down by a spring balance at its 
extremity, a rise of the valve produces a considerable increase 
of pre8<iure by the increase of extension or compression of the 
spring. It is customary to arrange the proportions of the 
lever so that 1 lb. per square inch on the valve is equal to 1 lb. 
pressure of the spring balance. With this arrangement the lift 
of the extremity of the lever is measured by the rise of valve 
multiplied into its area in square inches. This lift of the lever 
end in inches multiplied by the number of lbs. to the iuch in 
the graduation of the balance, will give the additional load iu 
lbs. per square inch placed on the valve by the mere act of 
rising. It is obvious that this additional resistance involves a 
correspotiding increased pressure of the steam to obtain its dis- 
charge through the opening of the valve, over and above that 
which is always required to compensate for the loss of lifting 
pressure under the valve due to the motion of the steam at 
this part, and to overcome the resistance oifered by the atmo- 
sphere. For example, if we take a four-inch valve, and sup- 
pose it to rise -^^^ inch, this will give a rise at the end of the 
lever equal to 0'05 X 12*56 = '628 inch. If the graduation 
of the spring-balance be 25 lbs. per inch, this will give 
•628 X 25 = 15*71 lbs. per square inch, additional resistance 
to be overcome by the steam in order to get a lift of ^^^ inch for 
the escape of steam. 

Since the load pressing the valve down increases as the square 
of the diameter, whilst the area of the aperture increases only 
directly as the diameter of the valve, it is obvious that by in- 
creasing the diameter the increase of pressure necessary to 
obtain a given area of opening increases more rapi<Uy than the 
opening for efflux, or that a large valve will involve a greater 
excess above the initial blowing-off pressure to obtain a giveu 
area of discharge than a small valve, the spring balance in both 
cases having the same rate of graduation. The increase of 
pressure from the extension or compression of the spring can 
doubtless be reduced to any extent by increasing its length ; 
hut in practice the length of spring is \um\.vid \i'^ e\\cvv\xi'sX;\\\^^.^ 
of couvomeiice. This additiojoal re^ivtauce aW v>vio\x^H*\H»^^ 
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»^priug octiog directly upon (lie valve, tile deeroone in motion 
being bnlimceil by a correBiJoiiiling inorense of resistance in the 
apritig. ArmiigDiiionts to ootupeuuite for the incieaae of reeist- 
iiiiOB due to the rising of tlie valve, hy inducing the lererage hf 
meHUs of A bent lever, have been Eucoeeifully iidopted. 

In gTBcluiLtiiig the spring balaaces fur looomotive snd otbar 
valves, the proper weight cna be found by formula (1), or allow- 
ance c«n be made for tlie weigbt of valve, lever, and conneo- 
tiooB. When the lever ia pniportioned bo that 1 lb. at it» 
extremity balances 1 lb. prr sq^uare inch prestiure, on the Talve, 
or when L = A i, 



.L (v + ^») 



Thia bIiowb that in graduating the bnlanca we have only to 
make the f-cnie ligbttr by the amount of load due to the wtight 
of lever, valve, Ac, when IhLs has been ascertained. For oi- 
ample, if the couatant load is found to be 7'5 Iba., the exteMion, 
of the spring balance prwluoed by 12'5 lbs. weight mnat ba 
marked 2(} lbs. ; that produced by 22*5 lb, weight, 301bs., and 

In graduating ppring balances it is perhaps the mla rathet 
than the esception to diRittgnrd the loacl due to the lever and 
valve. It ia alleged in support of this practice that the extra 
area exposed to the pressure of the steam when the valve riaea 
from its seat fully compensittL-a for any excess of load uot marked 
on the scale. Fur iuataiice, with a 4-ioah valve, having ■ 
■j'j-inch bearing there will be an extra area amounting to "* 
Mliisre inches ; thin, niulttplied by 6tllbii., would give 241bs., 
whichmight balance ihe land of lever, valve, die, with aat&tionuj 
boiler, bat in the case of a locomotive working at IZOlbsi 
pressure, we should have an iTicreare of preiiniire, cm this assump- 
tion, equal to 48 lbs., which is decidedly too much. In fact, 
to carry out this argumeut we aliould have to proportion tlw 
bearing of the seat to suit viiriniis couditions of preaaure, aiie o( 
valve, ic. However, the incrati'od exposed area of valve oi 
lifting, as we have already noticed, has no material effect ii 
facilitating the escape of atoam. 

Some makers profeKs to speciiiUy graduate their Bpiinf 
Wances at the tenting of tt\a ^oWct w'lv^i -bb^bx, ■«\\>™'OBte'SMM»i 
Kglves of prossura at whicli flio ^B^'^a\A\» we iM!tiH&.^Baj^ 
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reliable gauge, and the spring balance scale is marked off ac- 
cordingly. This method has certainly the advantage of taking 
into account the increase of load due to friction at both ends of 
tbe lever, and on the valve, if there should be any lateral 
pressure. But it is difficult to reconcile the alleged success of 
this method with the well-known fact that an ordinary valve 
will let water escape more readily than steam at the same 
indicated pressure. This method of graduating spring balances 
would be £Bur better carried out with steam than with water. 

Formula (2) gives, approximately enough, the pressure at 
which the valve will rise, when the arrangement, workmanship, 
and condition are not decidedly bad ; but the amount to whicii 
the steam pressure will rise above that at which it corn men ces 
to escape will depend upon the degree of pressure itself, as well 
as upon the character of the valve and speed of evaporation. 

Directly loaded or dead-weight safety valves, as they are 
called, are loaded either internally or externally. The latter 
mode is much to be preferred, as any attempt at overloading or 
tampering can be more readily detected, and the valve caiinut 
be jambed down intentionally by fixing a strut between tiie 
weight and the boiler crown. The great load hanging on the 
npiudle of an internal dead-weight valve has been known to 
drop off, or to break the spindle when it has been weakened by 
concealed corrosion. When this happens, the valve is blown 
away, and the discharge of steam and hot water are likely to 
prove disastrous, unless the valve is enclosed in a strong casing. 
The large bulk of metal used for loading a large internal dead. 
weight valve is extremely inconvenient inside a boiler. In 
order to prevent the suspending spindle from getting bent by 
any one pushing past inside the boiler, the load should always 
be made free to swing. 

The valve most likely to be found proof against neglect 
and malice is that of the external pendulous dead-weight con- 
struction, known as the "Cowbum" valve. Being directly 
loaded, it requires very considerable over-weighting to cause a 
serious rise of pressure within the boiler ; and the application of 
any irregular weights can be readily detected. Having no 
cross-bars, there is a clear way for the steam to act on the valve, 
which being spherical requires no guides or feathers to stick 
fast. The issuing steam, by impinging on the cylindrical weight, 
assists in lifting the valve from its seat. From observing the 
action of a great number of valves oC vatiouft dft«.cn.^\ivya.^^ *Oci^ 
writer baa been led to conclude that tbe ** OovAiXMU*^ nAs^Ss 
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moBt sensitive and reliable, and at the same time relievea thff 
prenaQra more quickly thau anj other valve commoDlj used. 

For Btationary Ixiilem spring balanceB should never be iis«d, 
Dor abould the ordinary lever valve, iji annsequence oF the facilitj 
with which it can be rendered inopamtive. All spring balances 
for locomotive and portable eiigiueH should be provided with a 
ferrule between the out and the spring oooing, to prevent tha 
vslve from being screwed down beyoud the blowing-off preaaure. 
SometimeB, however, the thread on the spindle ia made just of 
sufficient length to meet this object. In all cases where spring 
balances are used it should be ascertained thtit the spring ia not 
compressed together so that the lever cannot rise, when the nut 
is screwed down as far as it will go, and that there is still 
fleiibihty enough in the spring to allow the valve to rise easily 

As aU valves are liable to stick fast by corrosion when allowed 
to stand unmoved for a length of time, they should be daily 
eased on their seats. For this purpose, and also iu order to test 
their freedom of actii^n, valves of the direct-weighted apring 
class, and internally- weighted valves of all descriptions, should 
be provided with a lever or other means to ease them by baud. 
The lever should be bo arranged that it cannot be employed to 
assist in keeping down the valve. Man; look valves and others 
Arranged so as to be iuaccesxibje and safe against being tampered 
with become fast and useless, and are rather a source of duger 
than otherwise when their efficiency is relied upon. 

No boiler should be allowed to work without at least two 
good Bftfety valves, in case one should become inoperative. 

Some of these observations are repealed, with additional 
remarks on safety valves, iu the chapter on Explos 

Besides the safety valves above describtd for preventing any 
dangerous excess of pressure in the boiler by allowing the stea 
to escape into the atmosphere, there are numerous other e 
pedienla and arrangement'; in use for checking the rise 
pressure beyond a certain poiut. There is, for instance, a plan 
for closing the damper by self-acting machinery c 
degree of pressure being attained. By another expedient, hot 
water is discharged into the lire. But the majority of these 
ap])aratuB are found to be troublesome and uncertain in their 
action. It may be remarked that discharging hot water from a 
highly-pressed boiler into the fire is liable to prove dangerous 
by aauliiing, and scattering the burning fuel about the stoke- 

In old boilprs of very waaiVL ooaalTQt'.icsn. S.^ i* sA^wiSMj^ 



FUSIBLE PLUGS. 131 

have a safety valve opening inwardly, to any excess of atmo- 
spheric pressure that may occur when a vacuum is formed inside 
the boiler — a circumstauce of frequent occurrence, and which 
has caused the collapse of several large weak cylindrical boilers. 

LOW-WATEE SAFETY VALVES. 

Low- water safety valves are used to discharge the steam and 
relieve the boiler from pressure before the water level falls to a 
dangerous . degree, either from neglect in feeding, or from the 
water escaping out of the boiler. 

The arrangements of this description which have proved most 
efficient after loDg trial are the two well-known valves introduced 
respectively by Hox)kinson and Kay. Either of these forms a 
most important adjunct to the safety of internally fired tubular 
boilers, from the timely warning they give of lowness of water. 
They are, however, easily tampered with and rendered useless. 
Their machinery, being inside the boiler, can be examined only 
when the boiler is at rest. 

There are also numerous other expedients used for low water 
indicators. The simplest being variously designed float and 
lever arrangements connected with a whistle on the boiler. The 
majority of these are liable to get out of order, and have been 
found untrustworthy. 

FUSIBLE PLUGS. 

Fusible plugs, in one or more of the numerous shapes in which 
they are made, are more frequently applied than any other 
means as a safeguard against the collapse of furnace crowns from 
overheating through shortness of water. These plugs usually 
consist of a piece of alloy of tin, lead, and bismuth inserted in 
various manners in the furnace crown. So long as the alloy is 
kept at a comparatively low temperature by the water on the 
one side, it is prevented from melting by the fire on the other. 
But on the water level descending so far as to leave the plug 
dry, it is expected to fuse and relieve the pressure in the boiler, 
and at the same time to extinguish the fire and save the furnace 
plates. 

Notwithstanding the great favour in which they are held, as 
proved by their general adoption, there can be no doubt that 
their efficiency has been much overrated^ &m<^e n-vvm^xQw^ ^^^^^ 
^ocar every yeai of the furnace crowna \>©\n^ XsmtoX* ixQ'Oi >^Qi\N»- 
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Beta of wnUr without tho fiiailtle metnl becoming melted. Hi! 
is partially due to the ncanraulatiori of soot and dirt that lunallf 
taltes place in the uavitjr nver whicli the plug is iueerted, and 
partially in coaseqiienoe of the Alteratinn which takes plac 
uature of the alloy during lung exposure to the heat of the 
fumaoe. 

There are also numerous instances of the fusible metal melting 
out without liberating the steam pressure. This U chiefly 
caused by the iiccumtUatioii of incrustation on tho metal being 
■uffioiently Btroug to withBtand the prenaure upon it and pre- 
Tent its liberatiou. The Biuiple plan "f acrewing or riveting a 
piece of lead or fuaihle metal into a hole in the farn»oo-crown 
plate should never be adopted, on account of the leakage that 
often takes pliioe when thu ping is akok, which leads to the 
corrosion, patching, and destruction of the plate. Moreover, the 
plug will probably not melt iiutil the crown shall have actually 
become bare. For this reason alone, there should bs a proviaioD 
on the fumaci} plate for the iiisErtion of the plug to keep the 
crown still covered with tivo or three inches of water after the 
plug itiietf has been left bare. Thi.4 ia uxiially done by riveting 
or screwing a seating of wrongbt iron or gun metal to the fiir- 
uace crown, into which the ping of fusible metal is fitted i 
varioua ways. Care shonld be taken to make the month of thin 
seating at least two or three inches in diameter for the 
removal of the soot and for the free action of the heat. 

In order to take advantage of the heat of coiidnction the area 
of the fusible alloy in contact nith the casing is increased by 
making the plug of an annular shape, the middle being tilled ii 
with brass or copper. The eanie object is attained by dividing 
the alloy into several small plugs let into a large cap htted ta 
the seating. This han the further advantage of increasing t" 
nuoibar of pieces depended upon for safety. Where the an 
however, is small, graaier care is necessary in keeping the metal 
free from incrustation, a coating nf hard scaln less than Jj inch 
thick orer a J-inoh-hole being sufficient to withstand a preasure 
of 70 lbs. or gOlba., should the alloy be melted out. Thin ia 
equivalent to saying that los^ than a month's work with many 
boilers will render such a buihU plug nxeless. In muking It 
selection of the description of ping the uature of the feed walei 
should be taken into conaiileratiou. With fued water contaiuiiig 
much carbonate of lime or mngueKifL in stdution, especially w 
gretae w profsut, many of ttm tnai^Ae ifVvi^s m wsa ire foun 
bB too «eaaitir« aa<l causa ^aw3o. tooa'c^ Vf mB^^t^ah *)nm 
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there is still abundance of water over the furnace-crown. In 
such cases the failure of the fusible meta] serves as an indication 
of danger from the liability of the furnace plates to overheat. 

To guard against the risk arising out of the tendency to 
change in. the nature of the alloy, it is advisable to renew the 
fusible metal every three or four months, and only those de- 
scriptions of plugs which admit of this being readily and effici- 
ently done should be chosen. 

It must not be supposed that the steam in an ordinary large- 
sized boiler can always be liberated with sufficient rapidity 
through a small hole, say ^-inch or f -inch diameter, to prevent 
over pressure in the event of the furnace-crown becoming bare, 
and such a discharge of dry steam will often have little or no 
effect in retarding the combustion. On the contrary, if we may 
believe the testimony of many firemen and eugineers, on the 
melting of the plug, the discbarge of steam over a bright fire 
greatly increases the heat of combustion, the appearance of the 
furnace being changed from a red to a white heat. That this, 
uuder certain favourable conditions, would take place there can 
be little doubt, and it is probably one reason why fusible plugs 
have been found ineffective in preventing furnace tube collapse. 
When, however, the discharge of water or wet steam over the 
fire is large, combustion will be retarded, the pressure relieved, 
and warning of danger given. 



PRESSURE GAUGES. 

Besides having an efficient self-acting apparatus for pre- 
venting the accumulation of an undue pressure of steam, it is 
highly desirable as a check on the safety-valve and for obvious 
reasons, if not absolutely necessary for safety, that the boiler 
should be provided with a trustworthy pressure gauge for indi- 
cating the steam pressure at any moment. 

The steam-pressure gauges almost universally employed are of 
two kinds, viz. : 1, the mercurial guage ; and 2, the dial gauge. 
Of the first there are various descriptions, the simplest con- 
sisting of a long glass [} tube containing mercury, open at one 
end to the atmosphere, and at the other end in counection with 
the steam in the boiler. The pressure of steam is balanced by 
the column of mercury, the various heights of the column 
corresponding to the steam pressure, being read off on a plainly 
marked scale alongside the tubs. Y/lieu t\ift «X^^\si ^ft^si^^^x'^ 
exceeds that due to thQ heitrht of "tb© mexcvms^ ^iOiaxK^, 



measured (rom the top of the tube where it is open to the air, 
the mercury ia forced out aud ilIIowb the steam or water to 
escape. The area of the glass tube is in most caHei, howeTM, 
too Bmalt to liberate the presHure with BUfficiont rapidity to 
admit of thia apparatus being relied upon as a safety vJm. 
Instead of a glass tube one of iron or brass ia sometimes xaoi. 
The height correspondiug with the pressure is, in this cu^ 
indicated by a light rod couuected with a float on the em:&ce of 
the mercury. 

Whan the legs of the tube are of equal diameter a fall ot 
one inch on one side will uatiae a rise of oue inch on the other, 
the difference in the level will therefore be two inches, whioh i> 
nearly equal to one pound pressure, or, strictly speaking, a 
equal to 'BSlb. preasura per square inch above the atmoapherB, 
or, lib. preasure = 1-02 inches rise in one leg. Hence 
P = L X ■40.,, (1), where P = pressure in pounds per square inoh 
above the atmoBphere, and L = differeuce in love! in inohai 
When the tube legs are of diflarent diameters the preaauro ta 
readily deduced from the height in the open leg and the ratio of 
the diameters. 

Let h = rise of the mercury in leg of tube open to atmosphere, 

d = diameter of ditto, 

D = diameter of tube in communication with boiler, 
then thedesccntof the mercury in the tube in oommunicatiunnith 

tlie boiler will be = -_j— tmd the difierence in the Isvela will 



ta L = /,|,l+ J (2) 



(-1.) 



■'('*s.)- 



If it be be desired to graduate tbe scale to indicate directly 
.he excess of pressure ia the boiler above the atmoapheric pro*- 
mrp, th" length of the diviaious, calling them inches, can bi 



k 



By making D very much larger than d when it 
increitm iho bcale for markiu); sma.V\ vaiuiliauft tA 
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the fraction -— becomes very small, it may be neglected, and 

tbe colnmn of mercury in the open branch measures the excess 
of pressure. On the other hand, by making d greatly larger 
than D, which is often done for convenience with high pressures, 
the length of scale may be reduced at pleasure. 

The above formula (2) will not, however, give the precise 
difference of level, especially in the last-mentioned arrangement, 
in consequence of the quantity of water that lodges on the 
mercury in the branch of the tube communicating with the 
boiler. In order to correct the error likely to arise from this 
source it is advisable to fill the boiler branch of the tube full of 
water, and take the point where the mercury now stands at 0, 
and make allowance for the difference. 

As the specific gravity of mercury is 13*6, the difierence of 
level when the two branches are of the 'same diameter will now 
stand h X 1'92 instead of ^ X 2. Formula (2) may be 
written — 

d 



I.= h (l + 0-92^^) 



As long as the tube branch is kept full of water this last 
formula will give the correct diflference in level 

In order to avoid the inconvenience of having a long tube, 
the plan is sometimes adopted of closing the end of one branch 
jknd leaving a column of air in, which resists by compressioi 
the steam pressure in the other branch. These gauges, how- 
ever, in course of time become inaccurate from the oxidising of 
the mercury and the consequent reduction in the volume of air. 

The inconvenience arising from the glass in contact with the 
mercury becoming dull, and the liability to fracture, besides 
other disadvantages, especially when steam of high pressure is 
used, have led to the rejection of mercurial pressure gauges in 
favour of metallic or dial gauges, as they are usually called, 
which, although less accurate and reliable, are better liked for 
their convenient shape, facility of fixing, and small cost. 

The " Bourdon" dial gauge, in which the principle of action 
is the tendency of a curved tube closed at one end to become 
straight when subject to internal pressure, when well made is 
perhaps the best in general use. But since the pateut right 
has lapsed znauy wretchedly constructed and \x\iU\5&V«Qft'^5si:^ 
articlea are sold as Bourdon gauges. 



A TItEiTISE ON STE4* 

In all metallic apriug gaujtea tlia oonnucliug pipe sliould lutva 
ODe or mora beuds iu it close to thu gMUge SlleJ with water* 
whitih serves to tr^uartiit ths pressure, and keeps the spring a^ 
a nearly constajit and low tempurature. In conseqaaace of 
tbe large surface of pipe e^cpjsed to the atr the water in th^ 
pipe and tube is kept cool, bat it has the disadvautikge of beind 
Itnble to freeze in wiuter when in eiposeil Hltuatioiis. 

for couvetjieTico of removal or examiaation when the boilq 
is at work nil prestiiire gauges or their oonaectioDs ahoald hi 
provided with suitable xtup ocks to shut off the commuuioatioq 
wilh the bnilcr. Yet, iu eon tequenee of theriakof derauging o; 
breaking the gauge by suddi-tily letting on or Bhuttini^ off tM 
pressure some ent;itiBt!im prefiir attacbiug their gauges without 
stop cocks. 

Jd a range of bnilers each fihould ba provided with a flepanl^ 
pressure gauge, which should never be placed ou the steam pipe, 
or where there is a current of staam flowing past the point frotii 
which the prea^ure is taken. In such situations Ihuy uAiiuot M 
oxpeoteil lo indicate the correct pressure. The best posttio| 
U on the boiler, or as near &h po^sinle, where there is no rapi^ 
motion of the xteain, and where tljey are immediately uudur tU 
eye of the boiler atteiid.'uit, but out of reach of roujh usage. 



The presence of aomo means of ascortainiiLg with certatnt] 
the water level at any inomeiit ia, with many kinds of boilers, oj 
even greater iinportuiiuu than an efficient pressure gauge. 

If, ou the one hand, the water ia tor) low, there ia a dangel^ 
especially in internally fired boilers, of overheating the furuMJ 
plates ; and, on the otber hand, if the water level is too higb| 
there is a risk of priming and. other inconveniences. 1 

The apparatus usually employed for indicating the water leve 
are gautje cocka, glass water gaugeH, and floals, 

Gauije cocks or valves of various designs, too nameroas t< 
mentioij, are perhaps the oldest and most generally used me&ni 
for this purpose. They are generally two in number, placed com 
at the highext and the other at the lowest position it in cod 
aidered desirable tr) have the water l^veL When the surfaoe <t 
the wati^r atauds between tht^ two cocka it is evident that steM^ 
will imne from the upper, and water from the lower, when tb 
aocka are Oj oueiL To eusura v;tta,tev tmcMtacj %vi ttw ludioalion) 
of th» water Jetul the uumljoi ot coa^ umj \ie \;imo»&iA, _ 



In fUt-eoded boilers the cocks are usually placed on the front 
In order to avoid errors in iudicatiiin whioh. too often 
Q from the agitation of the trater, the cocks are sometimes 
lorewed into a hollow tnbe of brass or cast iron attached to the 
boiler, with its ends opening into the steain and water Hpaci-s 
nffioientlf far removed from the surface to be out of reach of 
the violent agitation of the water. In egg-euded ana other 
boileiB encased in brickwork abo-ve the water level, the oocksare 
nnully attached at or near the crown. The height of the water 
in su<ji cases is found by carrying small iatenial pipes from the 
cocks to the levels between which the surface of thu water is to 
be maintained. 

For the purpose of obviating the inconvenience arising out of 
be necessity of turning the gauge cocks by hand, a great variety 
of glass water gauges have been introduced, by which the water i 
levol is rendered self-indicatini,'. The oldest and simpleat of 
moists of a glass tube, the top and bottom of which com- 
manioate by means of suitable Bttiugs with the steam and water 
spaces respectively. The level of the water within the glass ia 
taken to be the same as that within the boiler, and h always 
before the eyes of the attendant. To facilitate renewing, 
deauing, or repacking, the glass gauge should always be provided 
with cocks for shutting off the communication with the boiler, 
tad also a third cock for emptying the glass whan it ia required 
to drain off the water and to aacurtuin if the apparatus b 
vorking properly. Tuis drain cock should always be provided 
mth a waste pipe of ample sixe, and free from sharp bt^nds, for 
oarrping away the waste water from the boiler plates. The 
neglect of this provision often results in severe corrosion of the 
front eud-plate of iiirt) ace- tube and looomotive boilers. There 
shonld alvtaya be provitioiis for cleaning ont the steam and 
water passages of the gauge when the boiler is at work, in the 
event of their choking np with dirt or incrustation. The 
cleaning can bo safely effected by using a suitable piece of bent 
The absence of these provisious is a defect of many of 
the patented gauges in use. A common defect met with in 
most kinds of glass water gauges is the small diameter of the 
■team and water pasaiiges. These are seldom more than i 
inch, whereas they should seldom be less than ^ inch diameter. 
Ill the ordinary gauge the cocks are made either as ping taps 
s packed gland taps, the latter being uwd tot &e -^in^isw. lA 
concealing, but not preventing, the leak-,igelhByV\:«iiea\i\ftSK'«^'ivi. 
" - » «rs ailotred to ^ct out of oidei. It w. ftia tWft,\Hm.'<B| 




make the drain cock imaller thtui the others, whereas it should 
hsve the IttrgeBt beiiriiig surface, boing uaeil probably Ihirtj tii 
a day, whilst ihe otbers are tiot used more than twioa or thriM^ 
aud fruqueiitly uot so often. The effect of the preftent fashion 
of makiug these tapH too small ia the dirty ooiidilion too many 
boiler fronts are found in, especially viiea briickish and othW' 
hard waters are UKed. These ta|>H often wear unevenly by being*] 
turned one quarter round and back agiiin every time they an 
a^d. Taps always wear better when they are turned 
pletely round. In order to enable this to be done, and bt 
faciUtate their regrinduig, it ia bsEt to make the handle as a 
loose spindle, with a stop at each end, and working freely in as 
eye on the end of the plug or key as it is called. The haodlei 
are often made so weak ae to be wrenched off without much 
exertion in attempting to turn the cocks. For comfort iu 
grasping, the handles may be covered with leather. The method 
of fitting the handle on to a aqiinre on the end of the key ha* 
frequently led to the unsuspected emptying of the boiler dom 
to the level of the water passage, from caceUssly putting th> 
haudle on at the wrong angle. Such an ODcnirence as the 
escape of the water through the gauge, in coofiequeiice of tlu 
breakage of the glaaa overnight, nhee the fires are banked up, 
can be prevented by shutting off the communiciitioii between the 
water passage and the boilers. In ordinary sized furnace tuba 
boilera the lowest visible point of tba glass ahould never be leas 
than 5 inches or (J inches above the higliest point of the int«rntl 
ffnes. In some cases it ia dtisirablo to increase this distanee. 
In consequence of the sraall steam spnce in locomotive boiton 
this distance is seldom more tlian three inches, but the gKater 
core with which the watur gangn i^ watched on this class of 
boiler renders a less margin of safety admissibb. 

In using dirty water, or when a large quantity of soda b iu- 
troducad into the boiler, the level of the watur in the gauge is 
rendered unateady and uttroliable in coiiaequeme of the water 
boiling over tliroiigh the steum passf^e. This anooyanoe is 
easily obviated by oairying a small pipe well up into the Btaam 
space, out of reach of dL-tnrtiauca by the ebullition. Glass 
water gauges as usually cnnetructed are not suitable for eztar- 
nally lired boilers with a mass of brickwork in front or with % 
wheel draught, unless the feed Water is very free from im- 
p'lritiea, as ihe long horizontal steam nod water spaoes nnwiri- 
tiited &ra Jiable to bt^coma miA'^ls o\vi>V:w\ v*^ rnii \*i ignA M jh> 
e^uge a Boatoe of trouble. To oVRVcuvftft 'Cftt 4i^ 
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3ut of the long passages, some engineers have adopted the plan 
of attaching a cylinder to the front end of externally fired 
plain cylindrical boilers. This cylinder projects through the brick- 
work and to its flat end the water gauge is conveniently fixed. 

It is always advisable to have two water gauges to a boiler, 
the one being a check upon the other, and acting as a re- 
serve in case of a glass breaking, or any other accident happen- 
ing to a single gauge. As to the best position for the gauge, 
it should be at the furnace end of the boiler, where it is under 
the eye of the attendant. It must, however, be admitted that 
it is here most liable to the disturbing influences that take 
place inside the boiler, which render its indications inaccurate 
and misleading unless proper precautions are taken to obviate 
these objections. 

It has been proposed to insert a piece of glass in the boiler 
front or other accessible position, to enable the water level 
ini^ide the boiler to be directly seen and read oS agaiDst an 
internal scale introduced for the purpose. It would, however, 
be necessary, at the same time, to illuminate the interior of the 
boiler by means of a lamp shining through another opening. 
Such an arrangement •could only be satisfactorily applied to 
waters free from such impurities as would be likely to besmear 
the scale and inside the glass. 

The water-level indicator most commonly used for externally 
fired boilers is the float. The common arrangement of this 
apparatus with its external counterbalance and pulley is too 
well known to require description. Besides this, there are nu- 
merous other arrangements, some of which have the counter- 
balance inside the boiler, and indicate the water level by means 
of an external index-lever. To the common float is sometimes 
added a whistle, arranged to blow and give warning by self- 
acting gear when the water level descends to a certain point 
beyond which it is considered not safe to sink. The well-known 
defect attending the use of the common float is the liability of 
the wire passing through the stuffing box to stick fast from 
being too tightly packed, or from being bent when the boUer is 
being cleaned out. This wire should never be made of iron, as 
it r&pidly corrodes, destroys the packing and allows the steam 
to pass, and then an attempt at tight packing is sure to follow. 
Many engineers prefer having the wire not more than i inch 
thick, as it is more easily packed without the aid of a atuffin^ 
box And gland, and does not so easily become i^^itOi'Mi^u^ \i^^ 
u A i" or f^'^inch wire, so commoxily u&ed. 



ON BTEAJI X 

In conwqiience of the dilliault^ nbove mentionod in ooniM 
ttou with the ute of gia.'H watur gauges, the float i 
preferred for plain MternnUy fired boilara, but there i 
dlwayB be two to eaah boiler. Wheu cartfully ooaslmoted M 
uot neglected, the float ia a reliable water-level indicator, 1: 
it reqairen a gteut deal of atte^iitiun to keep it Id order. 
be placed iii nuf part of the "bi^iler where it ia not affected bf V 
the brokea water produced by violent ebullitiou, and where it T 
is least likely to interfere with the cleaning and esaminaliou off 
the boiler or oircnlation of the water. 



Tlie bnttom blow-out apparatus i>) used not only fur empt 
ing the boiler, but also for ueltiug rid of some of the dirt auJ 
Bediment iu the boiler i)y dis'oharging a limited quantity of 
water at intervals with the ateam up. It ia therefore important 
that the appsratus should work ft-eely and be convenidntly 
situated. Being placed &t the bottom where It o^n complete^ 
drain the boiler, it is of still greater importance that its tighl- 
iLesB can be depeii<ted upon when the app»rntu« is shnt, ai t 
Hiiiall amount of le,iksge contimitd for a leni^th of time might 
iuvolve the oveiheatiug of tke furnace plates aud the deBtnio- 
tion of the boiler. 

For freedom iu working, valvesj if projierly made, are aup«- 
rior to taps even of the be&t oonstruciiou, but, as a rule, they 
are not eo trustworthy, and bharufore xhould nut be employaiL 
Valvea of neiirly every description, whether conical, disc, a 
sluice, have all the same fatal iiefect, viz., — liability to miHleid 
when apparently closed. A email chip or piece of tnoruatBtioft 
getting on the seat of a conical valve will prevent its claong 
tightly when to all outward appearance it may SBPtti quite shut 
The accumulation of deposit at ihe bottom of the caaing under ■ 
. sluice valve may soon render its closing securely imp.iBaiblfl, 
and although screwed down hard aud fast the valve may still 
bo slightly open. By using care, and counting the number of 
turns given to the Npindle in opening and shutting, and mark- 
iug the exact point the haodle should return to when closed, it 
may he ascertained whether the valve be closed or not. Bat 
it is just the exercise of this care that cannot be reckoned upon, 
and the absence of which renders the empluymeut of valves in 
arhical situatioas so dungeTona. 
Tho daty of filling tho Wiiei ani li^'oivt "Cii.^ ^ 
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cleaning, often devolves upon some other than the regular 
Attendant, who, after screwing down the valve coucludes all 
is right and tight, and seeing plenty of water in the gauge 
leaves the boiler to itself for an hour or two. The valve 
after all may have been prevented from closing properly by 
■ome obstruction on the seat. The result follows that the 
wat^ escapes unperceived through the valve, the furnace 
plates become drained and overheated, and if there be any 
steam in the boiler the flues collapse or the shell is rent. Such 
cases have frequently happened. From the quiet manner in 
which the water escai)e8 when there is no pressure in the 
boiler, its loss is then more likely to happen unperceived than 
when the boiler is at work, as the hot water in escaping under 
pressure usually makes some audible or visible sign. 

The valve that is least likely to cause dt?ception in not closing 
tightly is a kind of butterfly valve with triangular openings, 
wh^re the flat disc forming the valve-lid revolves on the valve 
£bu» which it is prevented from leaving by a guard, which, how- 
erer, requires adjusting as the faces wear. These valves work 
very freely and are perhaps as reliable as^ome gland taps. 

With a tap in good order there can be no deception as to 
whether it is closed or not when turned off, and so far as trust- 
worthiness is concerned, they are better adapted for blow- out 
apparatus when properly constructed, than any kind of valve. 

The principal drawback to taps of all kinds is the manner in 
which they stick fast from becoming corroded or in crusted 
together when not used frequently, or from the quicker expan- 
sion of the plug compared with the shell on being turned on. 
The remedy for the first evil or defect is obvious, and the 
best means for remedying the second is to work the plug 
gently backwards and forwards until the shell is heated through, 
when the tap may be fully opened and shut again immediately, 
with comparative ease. This is better and safer than suddenly 
turning the tap full on with the aid of a dangerously long lever, 
and waiting until the shell is heated sufiiciently to turn it off 
again. The tendency to stick fast is greatly aggravated when 
the casing is made of ca'st iron and the plug of brassi, a practice 
which should be altogether condemned, since it has been pro- 
ductive of serious inconvenience and even disaster. It is 
seldom that the taps about boilers are found sufficiently hard to 
wear well, being made of red brass instead of gun metal, for 
the sake of being more easily fitted up and xe^tVd, ^aA ^ci^ ^\. 
coojve, to save Sr.-t cost. When two meV*^ qH \^^ ^jbssi<6 



nature are presaed together with consiilerable force and 
to reinaiii in contact for some time, thuy are apt to cohara at 
"seize." Thui tendency is increased hf making the uettli 
soft, and ia one cau^ of the stickiug fast of taps. It taaj, ii 
some measure, be obviated hj makiiig the plug ami shell o 
slightly different alloys, the former being the softer aa it 
more easily replaced tthen worn ont. Aa a rule, hlow-out tl 
are made too short or have too little bearing surface to Ii 
long without regrindiug, and thu universal praotii 
the taps one quarter round for opening, and then back ^ 
for closing, causes uneveu wear and leakage. Every time 
tap is opeued, it idiould be shut by giving it another quartM 
revolution in the same direction ; by this meaua the tap wean 
mora evenly and lasts longer without legrioding. 

There is a great dilference of opinion respecting the 
taper for large taps, some advocate 1 in 4, otbers 1 in 6. 
former sometimes cannot be ke[it tight, and the latter are ] 
to stick fast if acrevred down sufficiently to preveut leakage 
The circumntanoe!) to be considered in determining the taper ' 
any caxe, are the ateam pretsure used, the bordncas of the mstili 
frequency of lubrication, an.i nature of the lubricant and 
employad. For pressures of 20 or 30 lbs, a taper of 1 in ( i 
found to work well, but for preseures of 90 or 100 lbs. a ti 
of 1 in 6 ia necessary to insure tightuesa. 

tn the common plug tap the nut seoitring the plug ia 111 
to work loose and drop off without being observed, as the 
IB usually placed in a position difficult of access and exam 
tion. Serious cases of scalding have been occaxioned by 
blowing out of the plug from this defect. For facility ot ob 
servation the tap is he^t arranged horizontHlly, and the pla 
should be further secured by a guard to prevent it from 
blown out in case the nut should drop off from the thread strip 
ping, or other cause. Such an occurrence could, however, " 
prevented by simply putting in a pin through the bolt behini 
the nut 

In order to avoid the risb of the plug blowing out, 
as to conceal, but not cure, the leakage which tiikes pla 
the tap requires regrlnding', packed gland taps with a dow 
bottom aru used by man; of the best makers, and to obvid 
the Btiffuess proiluced by the friction of the pocking againct 
large surfiice, compimnd gland taps are somftimes used, bs 
with questionable iiuctes*. Hi is atiVV mv o^n lyestion 
«&» boat doaoriptioii of ftUui Uv ia\>oW*«. "iu^ ^A» 
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ping tap provided with a guard for the plug. Many oases have 
occurred of the water leakiug to a daugerous extent past the 
ping in a gland tap without being detected in time, an event 
much lesa likely to occur with the simpler description of tap. 
Tn using gland taps with brackish or other very hard water, the 
plug is sometimes prevented from being screwed down to its 
snat by an accumulation of incrustation which has taken place 
between the casing and the bottom of the plug. This is likely 
to happen when the gland nuts are eased back to allow the plug 
to rise and ease itself for turning readily, a practice often neces- 
fdtated by the faulty construction or defective condition of the 
tap. Such an occurrence could not possibly happen with an 
ordinary open-bottom tap. Inverted plug taps with hollow 
plugs designed to be kept tight against their casing by the in- 
ternal pre>sure, and those arranged to discharge through the 
open plug bottom, cannot be recommended. However well 
8Uoh taps, when of small size, may be found to answer in cer- 
tain situations, they are not satisfactory when of large size, and 
are not adapted for using in connection with waste pipes. 

The practice of making the blow-out apparatus of furnace 
tube boilers without waste pipes cannot be too strongly con- 
demned. Too frequently the hot water is discharged into a 
drain only a few inches below the floor line, from which it re- 
bounds, anil renders the duty of blowing off a very dangerous 
one ; at the same time, it is advisable that the end of the waste 
pipe should not be placed altogether out of sight, so that any 
leakage which may take place may be detected. 

As the safety of a boiler depends so much upon the condition 
of the blow-out apparatus, the task of blowing out should be 
regularly performed at least once a day by the engineer in 
charge, and should not be left to the 6reman. 

In tubular boilers, for facility of access, the blow-out tap 
should be placed clear of the front end, and connected by a 
short elbow pipe with the mouthpiece or branch riveted to the 
boiler bottom. This pipe as well as the cock should be care- 
fully protected from contact with moisture and ashes, which too 
often find their way beneath the floor plates and cause the rapid 
destruction of the pipe, if not properly protected or made of 
copper. Comparatively few externally fired boilers are pro- 
vided with a blow-out apparatus. The common practice is to 
provide nothing further thnn an iron taper plug which fits into 
a hole in the boiJer bottom over the fire, V>"y wYiVviYl VXva \>«^sxy^ 
emptied. The plug ia usually knocked out, -wWn x^v.^^vt'^^^^s^ 
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the niiJest nipana imng 
the pt^rBon, who ia bold i 
getfl Bcaliled if lie is no 
liases the plug is mort 
through a. lituffiiig-boz < 
& screw and haudlu to 
proriiled with this 



iuahle, and it freqnentlir happens tluPV { 
jnovigh to do it before the water is colJi'^B 
t, quiuk in making Lis retreat. Id wn»|ai 
I sensibly attached to a apiiidle pasiinCT^ 
}ii the boiler crown, anil provided wimS 
rni^e it with. Means ahould alwayi Iv*' 
ijgement to guard agaiusC the plug MltpB 



spindle being hlown out by the pressure, 

carelesi-ly turned round too far and looses its hold in the nut 

With plain cyUnilrical boilers, the blow-oal appE^ratus Boni 
times consists of a tap or valve, placed on the boiler crown u 
connected with an internal pipa reaching to within an inch tt ft 
the boiler bottom. This pipo may be made to extend for 
distance along the boiler to collect the sediment it is required 
to blow out. Wheu the apparatus so arranged is used f« 
emptying the boiler, it hua the drawback of requiring tbe 
emptying to be effected with the steam up, a practice espedallf 
dangerous with eiternally fired boiliira enoased in much brick- 
work. The blow-out is otherwise arranged by carrying an ei-j 
temal elbow pipe from the boiler bottom through the brickwork 
at the side, or back end of the boiler, teraiinaliog in a tsp V 
valve. For the purpose of protecting the pipe from the im- 
pingement of the heated gitses it is loosely encased in brickwotli, 
With this arrangement it is necessary to blow out very fre- 
quently when the feed water is of a hard or muddy nature, to 
prevent the deposit filling the blow-out pipe and becoming 
brtked hard. 

Remarks on surface blow-out apparatus will he found in the 
ohupter on Incrustation. 



There is perhaps no bettar proof of the ignorance or »ck- 
leasness that may be diiiplayed by makers of reputation, than 
the number of boilers turned out by them with ungual dsd man- 
holeB. The too common practice of cutting a piece of plata 
about 15x12 inches out of a boiler nhell without providing 
the edge of the hole, where the ten- 
trated and where it is liable to Im 
ug, cannot be too severely oauBured, 
iraerous faUl eiploaiona. The plate, 
Bu.ch cases, has to bear, not only 



aaj strengthening 
siou ou the platu is con< 
further weakened by wi 
and has already led to 
»t the Bilge of the hole, 
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vork, but also what is often much more trying, viz., the strains 
pat upon it by screwing up the cover, often weak and defective 
in shape, to make a tight joint, by means of the bolts siispi'iided 
from, the bridge bars or cross piece osually employed. When 
the joint leaks from want of stiffness in the plate itself or in 
the cover, or from bad fitting, or from the presence of a piece of 
interposed scale or hard substance in the cement or india rubber, 
the cover is perseveringly screwed up, and it becomes merely a 
question of time, and power available for screwing up, for the 
plate to become buckled and fractured at the edge of the hole at 
right angles to the cross piece, which unfortunately is usually in 
the position most likely to prove fatal to the existence of the 
boiler. In boilers at work the edges of these unstrengthened 
manholes are sometimes found split in four or five places, any 
of which fractures are ready with a little overpressure in the 
boiler, or with a Ihtle additional wasting, to develop into the 
primary rent of an explosion. In rag-boilers these unguarded 
manholes are sometimes as large as 36" x 24''. 

The edge of the plate can be cheaply and adequately strength- 
ened by riveting op a ring of wrought iron. Tliese rings are, 
however, too often so paltry, and applied in such an ignorant 
manner, that their application tends rather to aggravate than 
lessen the evil they are supposed to obviate. The ring should 
be at least ^" thick and 4 inches wide, so that the rivet holes 
at 3 inches centres, and not 6 or 7 as is usual, may be kept 
weU away from the edge of the hole. These internal covers made 
to fit the curvature of the shell are an unmechanical job at the 
best, and a tight joint can never be depended upon with them. 

It is far better, in all cases, to have a flat face on which to 
make a good joint with the lid, which should be secured by 
strong studs or bolts and nuts. This can be contrived in 
various fashions, either as a cast-iron branch or mouth-piece, or 
where lightness is aimed at, of wrought iron, or as a simple 
stout ring when the size and construction of the boiler make it 
difficult to enter. The longer the neck of the mouth-piece the 
larger should be its diameter. If it be more convenient to 
have the cover internal as for the mud holes at the front end of 
double-fumace-tube boilers, it can still be made with a faced 
joint, and held up by means of a bridge bar and bolts and nuts. 

](m> H0Lc;s. 

Mud holes $bould always be provided at ^<ft ^totlXi ^tA ^H. 
double-Sued boilers, as their al aeuce iiocQ9^^^^Vil\AXv%V\i<b ^v^ 
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from the boiler bottom up through the manhole, which incresMi I 
the labour and greatly interferes with the effective cleaning of I 
thu builor. Moreover, the want of Tsntilation through the I 
boiler from the abseuce of a bottom opening keepe the interior | 
for a long time damp, and increanes the difficulty of e 
tion. The work of cleaning out Comiab boUera, especially 
when there are strengthening hoops round the tube, is very 
difficult and tedious, and may be much facilitated by having a 
mud bole at the front end. Tbis, however, requires a special 
provision, owing to the limited amount of space at the bottom 
of these boilerB, between the tube and eheiL This provision 
can he well euoujjh arranged, without materially weakening th« 
shell of the botluT, which is the objection usually urged ugaiust 
the adoption of this plan. 

lu boilera, where the construction does not admit of any one 
entering for the purpose of cleaning and examination, a num- 
ber of mud holes and wash-out plugs should be provided where 
they are most likely to be required, as, for instance, in agri- 
cultural and locomotive boilers, at tbe firebox shell coruers 
and ends above tbe foundation ring, aud also at the front and 
sides, to commaud a range over tbe crown of the iuaido fire- 
boi. These holes at tbe sides could often with advantage and 
safety be made much larger than is usual, to enable a man to 
t'et his arm io to clear away tbe deposit which resists being dis- 
placed by a jet of water from tbe hose pipe. For clearing out tha 
barrel of these boilers wash-out plugs should be screwed into the 
Bmokebox tube plate, where there is not room for mud hole doois. 

Mud holes are sometimes made in tbe firebox, bottom rinf;. 
These admit of a rod being pushed up among the staye, to 
remove the concretion lodging on them ; but as they are trouble- 
Home to keep tight, they are seldom repeated in new boilers. 

In many locomotive boilers, manholes are wisely fitted to 
the bottom of the barrel, which afford considerable facilities for 
examining and cleaning the plates und tubes in their vitnnitj. 
The manhole mouthpieces are often made of good depth, ajld 
serve as mud collectors, when n cock should also be provided in 
the cover for frequent bIo«ing-off, 

The practice of simply sctowiug a taper wash-out plug into 
firebox shell plates, which ecMom exceed J inch in tliicknesi, 
although couverjient and cheap, cannot be recommended, as tha 
scanty thread allowed becomes rapidly destroyed by the iron 
rods Jutrodiiced fur removing tbe concretions, and the edges of 
tbephtes round the holes became ra,\!i4\»i i«i\K*A \rj wiiTOriijn. 

f on bossea or riveting on ^iece* ot ^\», m ^mJ 
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ilMnBaB for increaaing the number of threads, does not get over 
tbe disadvBntitge of haviog the thraadB inude the hole, and 
to obviate this it ia better, in nearly all cases, to apply a 
mouth-piece of brass or wrought iron, haviug an outside 
thread and cap. For the small mud holes or hauil holes at the 
firebox water spaces of agricultural and locomotive boilers, 
perhaps the most convenient form of cover is the common in- 
ternal lid, held tip to ita seat hy a bow and stud. The edge 
-of the plate round these holes 14, however, Uable to waste by 
VOtTosioii, when the joint is not tight. By rivetiug a g oi 
^ inch ring rouud these holes, a good joint can be ensured by 
Mcuring nn extorDal oover by 3 or 4 studs, which can be 
•asily arranged ao as not to give trouble by being liable to 
get bent, or by interfering with tLe cleaning. 

In vertical boilers of tlie smaJl clasu there should be a hand 
l»le opposite every water tube, as well as a few for the furnace 
and at the bottom of the water spa<;e. 
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ITotwithstonding the general opinion that the presence of W 
Mm dome is essential for obtaining ttr; uteam, and e 

for priming, it should ha regarded as an useless and 
Lpensive appendage to a boiler, and as frequently applied, a 
of real danger. The practice of cutting a dome hole 
or even 3 feet 6 inches diameter in a T feet stationary 
■oiler, or a 3 feet hole in a 4 feeb locomotive boiler shell, with- 
frat providing against the weakening of the plate involyed any- 
liiitg further than the dome plate ittieK and its angle iron or 
flange, cannot but be regarded as barbarous. In many cases 
the BiKe of the dome and its hole is limited by the width of 
the shell plate, the whole of which, except some 5 or 6 
''^ches at each end for the lap and dome attachment, is out 
Kwaf. Many instances may be met with in shells having the 
'.plates arranged in parallel courses, where the weakened plate is 
prevented from giving way solely by the support due to the ad- 
orning plates overlapping it on the outside ; were the dome on 
[he outer instead of in the inner belting of plates, the weakened 
yiate would inevitably yield to the pressure. 

Where the steam user must have a dome, there ia no necea- 
ntj for cutting away the plate more than sufficiently to allow s 
m to pass tbrough ; and when the tas.Tgm cil «ai>£^.'^ \% 'sma&it 
M^ of tie plate round the liolo eiioaVi ^la wi,«Qj»:*Al . 



BtrengUieiieJ by having a stout wrous^lit iron ring riveted 16 
it. Yet it muBt b« admitted iliat tlia tenilBncj' to prime ia in- 
oreosed aa the aroit of the hole ia dimininhed. 

Tba BuppziBeil advantagea of a dome are two ia number, 
viz. : 1. By iiicrea'-ing the ateam iipace, it ia ><uppo3ed to act a* 
a nBeful reaervoir of atciim, to meet auy audden demand aiisillg 
out of irregular louda on the engine. 2. It in aupposod to act 
advantagticiusly as an anti-primer, Bicce the ateam, bung fnrtbar 
removed from the water, is aiipposed to be leas liable to b« 
aaturuted, eipeciallj when the donie containa a perforated diaph- 
lagm ftu arresting the pansa^e of the sunpeuded particlea of va 

Kow, tdth regard to the fimt of theae Btatument«, it can 
ea:<i]y ahowii that aa ordinary-sized dome adda comparatively 
little to the Hteam room of a boiler. If we take, for examplu, 
a Lancashire boiler 7 feet by 30 feet, the steam space will fa 
about 240 cubic feet. With a dome 3 feet by 3 feet high, w 
would have about SI cubic feet eapitcity, which is less thui fl 
per cent, of additional space, and this would be exhausted by 
a few atrokes of the engine. But the reserroir of power ii 
boiler reaides not so much in the steam hb in the heated 
water. With a working prewnre of 60 lbs, each cubic foot o( 
steam in the boiler will produce only 4 'Go cubic feet ( 
steam at atmospheric preasure, but 1 cubic foot of water 
in the boiler will produce nearly 35 times that amount, 
for at GO lb«, pressure the tempurature of the water is 307'6°, 
or 95 6° above the boiling point at atmospheric pressure, and, 
as every degree of heat added to water already at 212° may 
be taken as competent to generate If cubic feet of steam, 
95'6° will produce 162'35 cubic feet, or nearly 35 times a> 
much as 1 cubic foot of steam at 60 lbs. pressure. Whence it 
may be concluded that in ordinary boilers the addition to the 
power by the reserve of steam, in a dome la insignificant when 
compared with the power stored np in the water. 'Witii 
respect to the second alleged advantage, it appears to be taken 
for granted that the higher the point iit which the ateam ii 
taken from the boiler and consequently more distant &oii 
the agitated surface of the water, the drier is it likely to 
be. Kow, without considering the cooling etfect on the ateam 
by the circumference of a large dome exposed to the atmoa- 
phere, this would be a correct conclusion if the steam flowed 
slowly and quietly iuto the dome. But this ia not the a 
with the engine at work, when fee irtBosn rasWa voila a 
iJtrougb the dome with greKb lAatsiiajt aui u Xu^de 'wt « 
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I be metmS^ wiri iiii ianemd of drier tbftB Um «tMm in iJi^ i^l 
r IhB TQijiar poraon of tlie boiler. 

Prtwmg 3B jgfiTiHrtfld, if not actiullf canntHl, hy Ui« rMltt<^■(«Hl 
r fRwum^ aud eanKiqiieiit increttned elmUiuoii o( \Xw wii<4>t- 
■^Adasbilj ImAow l&cfc paint of the boiler wbinoi* tH« •(<*«im 
i dntvik, wUeb digpnf tlie vmter io Um fi»riu of npiav, Ui (k* 
along wi& tbe laoending currant of «t4'Atii. .Nui cMilf 
vrnter tiuH carriad into tbe steam l^pe, but (Uw> any |hm-- 
of cartil^ and other forerigii niatWre that iniiy hMp)H»n U} 
t at ti^ hroken niifaoe of the water. In lH»ili*ni fcnl with 
iitf vafar from, euuue and dnuna, the ini»i«ie of ttid iliMite 
aafiti i^ ffa beooBee plauared with mud and daj, iM*v<iral itif*hiM 
kick, iHiikt the rest of the steam space n»tniiin« i\ni\A ol^nn. 

Pdming is also probably dae in some uit*fiiitti^ to the flow 
f sieam over the snriaoe to the point of ofiliu, oarryitiif iHtf' 
idea of water along with it by the induoeti current it tMtMhiiHHh 

Hie TazioQs anti-priming expedients umially emptoyeily utioh 
i the insertion of perforated diaphmgtu pUtcMi in the* dotnc^ 
nd baffle plates for beating back the aHccMiiluiK t»artit!lnii (»f 
ater axe seldom effective, unless the Nyhtfiii is nlaliotai^ty 
uried out. The simplest and at the Hiiinu timet tho MMMt 
BTecttTe way to prevent priming is to avoid, im (nr tw tH><*«HflM, 
Mising any violent local ebuUition or rapid cMirrotit in drnwlMK 
AT the steam, which may be done by em))lo)int( an inlMinrkt 
erforated pipe, with the ends dosed and iix<*d nrtiu* ih^ top of 
le boiler, into which the steam can flow cpii.tly. Th^ longer 
lis pipe is made the better. In ordinary Miiitionary lioilorM, n, 
ipe 6 or 8 feet in length, with perforaiionii| hnyfiuif a ioitil 
rea considerably in excess of the area of tiiu pip(«, in foutid 
> be all that is required as an anti-priming appnraitiM. The 
jTger the collective area of the perforation n, us cotitpateil with 
le area of the pipe, the more quietly will the Hleatn flow 
irougb them, and when once within the pipe atid M*4parated 
'om the water, the velocity of the steam can have no eifoot in 
reducing priming. 

Sometimes the success of this pipe is frustrated by oareleMdly 
saving a large open space between it and the pipe leading the 
;eam away from the boiler, through which a rush of fitoam 
ikes place, and the action that caus<^s priming is induced. 
be tendency of the perforations to choke up when Qc^ttvcvu. 
inds of dirty water are naed has been aUege(\, m «k l<6^ t^x^ 
tsifitceB, aa tbe cause that ham led to tbe abaxxdoumeoXi ol ^ 
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pipes. The;- are succsBsfull; used on soma railways in looo- 
motive tM-ilere, haviag very limited steam apacKS. When u 
in locomotives the perforatioiis should not ba carried too c 
the ends of the boiler, lest the water Bplaahing back from tha 
ends aliould gain admisniou to the pipe. 

The tendency to prime may ba increaaed by urging the fire, 
or by draning the Hteam from a point OTer the furnace or irhers 
tha ebullition ia violent ; by the preseuoe of grease and oths 
matters which im;>ede the free escape of the steam from t 
water surface, or by the immoderate tiaeof Hoda which cansee the 
water to foam. New boilers and especially now looomotivas 
prime most in conseqtieuce of the violent nbnllition that tal 
place over the clean bentiog aurfooe, and also, sometimes 
consequeDce of the greasy anil ditty state of the interior. 

AH the phoBomeua in connection with priming, have i 
yet l)een aatisfactorily eiplaiued. Melted tallow or oil 
Bometimes injected into small varbical boileia to prevent primiD^ 
It ia supposed to have the same effect ou the diatuibed slirfaoe 
of the water that oil has wheu poured ou a rough sea, bo ' 
known. And yet it cannot be disputed that the presence of 
grease iu combiratiou with other impurities increases the t 
iteacy of mnny boilers to prime. 

When domes are used, the opening at the dome boti 
should be made as large as poaaible, in order to diminish ' 
tendency to prime. But in order to maintain the strength of 
the obeli, where a large hole is made in it, the platea round the 
dome bottom will require to be adequately streii^hened by 
means of a etont ring riveted round the edge of the hole, t 
else by strong internal transverse stays suitably nrruuged fbn 
and aft of tha dame. Sometimes the dome itself is strengthened 
by shrinking on a strong wrought iron ring near the bottom. 

It is aomelimes asserted in favour of the use of domes for 
locomotives, that they form a convenient seat for the safe^ 
Talves, but when these nre blowing off violently, they greftllf 
e the diB[)osition to prime. 




ntion, dsaiims out &aes and firaa, removal of dinkera, 

jxternall; fired boilers, thefurnace is necessarily made quite 
itbct from tbe boiler. The circumstauosa which determiua 
s best height for the boiler above the fire bars will be oou- 
lered in the chapter ou Firiag. 

Bj iucreaaiug the distance between the fire and the boiler, 
a perfect cQtubuatiot) of the gasos will be facilitated, and the 
inperatiire of (ha plates will be reduced. The enterlog cold 
t will ako be more diffused and not ho likel; to be directed 

>t the hot shell to cause audden contraction. 
The airaugemeat of the furnace mouthpiece will depend 
■inljr upon the alrangemuut of the flues, as the briokwork at 
e ttoal end requires supporting b; an arch or other means, 
a there is awheel draught or split draught, and only a plaiu 
in front of the boiler is required when a flash Hue is used. 
Stb respect to the best position for the fire door, which should 
I hinged to open sideways, and be made double in number if 
8 grate is very wide, it should be arrangad with a view to pre- 
nt aa much aa possible the impingement of the entering cold 
r against the hot shell plutes wlien the door is thrown open, 
it should be sufficietitly wide to enable the Greman to dis- 
ute the coals properly over the grate. It should be kept 
1 12 to 18 inches from the fire to prevent destruction by 
« high temperature of the furnace. The durability may be 
Dieased and the radiation of heat impeded, by fitting n hnffla 
ate of wrought iron to the door with an air space of 2 or 
iuohes between. A casing or iiniug of brickwork is som«- 
« iised behind the door for this purpose. These dours are 
ti made excessively high for small boilers, about 12" is 
Jnerally suKcieut unless the grato is very long. 
Tbe common practice of applying a large casting for a furnaoa 
outhpiece to the front end of an internally fircl boiler must b« 
scountenanced. The castings are not only cumbersome, 
«tly, and lisble to fracture sooner or later, but they conceal 
B ring of rivets attaching the tubes to tbe end plate, which 
e best left exposed to view for the detection of leakages 
d fractures. The best plan is to mnke the moutlipiecB 
mply of two wrought iron plates with an air space between. 
he outer plate, to which the door is attached, may be fitted to 
le tube hole in the boiler front end phite, and the joint 
Wered with a brass mouJdiag. This arrB,n^oo.\Bnl. tSio*i» •&» 
■ fw/a to bo exposed to view, aiii impart* v !«■*> * 



knee to t)is furnace, The plan of building up the front end of 
the boiler with a dibsb of brickwoik to prevent rndiatiori Bhmld 
never be emplojeil, since it is liable to harbour moiHtim in 
cODtaet with the front end plate. Another great evil attending 
this plan is the coDcealmeut of an^ outward bulging that msj 
occur ill the event of the failure or original want of strength in 
Iha staying. Many a boiler has been saved from bursting by 
the timelj warning giveu of weakiieEa b; the bulgii g of the toA 
plate, ftnd anj plan which iiiterfi'res with the dstection rf 
this should be employed witb extreme caution. When it ii 
decired to prevent lose ofheatty radiution from the frout end, i 
coating of good non-conducting composition may be appliedin » 
suitable frame, which con b« arranged to leave a cpace between 
tho pistes and the non-conducting material, to aduiit of easy 
removal, and so as not to C0T*r any of the rivet headfl, except 
those of the stays. 

The doors should be provided with a sliding or reTolviog 
grid for admitting air above tbe fire, the baffle plate being pet- 
forated to aid its distribution. A host of inventiona for making 
the opening and closing of the slide self acting hftve baen 
patented. As a role, it may be said that these self-acting appB' 
nttuR are allowed to fall into disui-e »fter a short trial, M moat 
of them soon get oat of order and require a good deal of keep- 
ing up. 

The dead plate, often perforated with advantage to admit ur, 
can be eecured to the furnace monthpibce, and arranged to rest 
on the furnace sides, so as (o dispense with brackets aecured bj 
bolts to the plates which are liable to leak, and in cousequesw 
shoidd always be as few as possible. 

The fire bars are usually made of cast iron. The uiimerouB 
shapes in which bars are made have been adopted mainly with 
a view to increase their durability, aecordiug to the experience or 
theoretical nations of their desiguers. For ea'^y hnndliug, ths 
bora should ni!it much exceed three feet in leEgth. In order ttt 
facilitate the access of air, the fall of the ashes and cliuken, 
Btid the cleaning of the bre from below, tbe bars bhonld be 
mode thinner at the bottom than at the top ; but in order to 
maintain the same windage or space between tbe hani when thsy 
become worn, they should be ir;aile parallel for about | of au iaoh 
at the top, aud then ta{>ered dawnwards. It may be questioned 
whether any description of fire bar has given better results in tha 
longruu tbau the ordinary sliOTt ca,ftti.iun'\ia'c\Av.'i^^t'^k si tap 
MBd-i^iuob at bottom uiil 3 i&ciw* daau ia.»a*Wiai'*>«***iJ! 
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proyided with a distance piece of tlie laoie width ai at the ends 
to prevent twistiDg. The rapid deterioration bj tw iJi'.irjg, 
bending, or fusion sometimes experienced, iii liue to overheat- 
ingy which may be caastrd either by a single bar here &i:'i there 
beings from some caura or other, mised above the ger.vr&l l*:Tel 
of the grate, or by the air space being too wide, either ori^'ii^aily 
or by lateral bending of the bars, caused by want of ftuii.ci-nt 
room to expand or other defect, which allows the red ho: fuel 
or clinkers to get between. So long as the coM air c^UiM in 
contact with the whole depth, the bar will only waKte away on 
its upper surfiEU^ and that but slowly, unless the fuel like 
anthracite, bums with a very intense local heat. The air i-i^ace 
UMually allowed and found to answer best with go* A iseiui- 
bituminous coal is -^g or ^inch. This space may, howe^'er, \Mi 
diminished with advantage when there is a go^xi tlmmiht, 
abundant boiler power, and the coal is clean. In lurning 
anthracitic coal which decrepitates and fall-« through the barn, 
or where the coal yields much clinker, which a<ibereH to the 
bars and gets between them, the windage might be kept unial er 
if the nature of the coal in the one case did not demand a con- 
siderable air Hpace to insure a good draught for its cunbustion, 
and in the other case to provide for its becoming partially 
choked up. With coal that cakes much, or yields a large 
quantity of ash, the air spaces may with aii vantage be made 
f **, or in some cases even more. 

With a view to facilitate removal and replacing, and to 
obviate the inconvenience and loss arising out of the single bars 
becoming lifted from their seats, and at the same time tc 
increase the lateral stiffness, the bars are often ca^t together iu 
Hets of two or more, with end and intermediate distauce-piecei) 
between them to prevent twisting, which provisions should 
indeed be made in all cases. There should always be a liberal 
allowance at both ends for the bars to expand freely. The play 
to be allowed may be taken as 1 in 24. The plan sometimes 
adopted of tapering off the end of the bars and resting them on 
an iudiued seating for the purpose of facilitating expansion 
cannot be recommended, as it leads to a difficulty iu keeping 
the level of the grate uniform, the bars becoming overheated in 
consequence. 

It has been observed that after repeated heating and cooling 
cast iron becomes permanently elongated. According to M. 
Brix a fire bar after seventeen days heating premt^e^ «i i^«t\\v»w«>\V 
elongution of '^ per cent, ; another bar oi i\i« bs^tcuc^ ^vaiv&>^* 
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1 



It is a oommon practioe to incline tlie grates downwards to- 
wuda tile buck end. No doubt tbis armngeraent faciltlutea tiis 
puahing back of tbe fuel, and ia useful in burning cual vriack 
prodncoB mnob flame, but it make.? it moro difficult to nacerlain tbs 
distribution uf the fire at tho back end, especiBll; iu a long grata. 

In order to prevent active combustion iu contact with the 
furnace plutes of tubuliir boilers, likely to ba followed bj ft 
current of cold air ioipiiigiog on tbe beuted part, the side bats 
are sometimes judicioualj arranged to bear ngainst the plates. 
A similar arrangement might be with advantage adopted ia 
small vertical boilers, where the furnace pUtes are sonietimM 
bnmt by tbe bottom of tbe water spaces becoming choked with 
an accumulation of deposit. 

With respect to the relative durability of cast-iron and 
■wrougbt-iron fire bars it muy be remarked that the point of 
fusiou of the latter is considerably higher than that of the 
former, but wrought-iron bars bend and twist much aouner Uun 
baiBof cast iron. For locomotiyea and agricultural boiler--, when) 
the fire bars are subject to rough usage, wrought iron bars, being 
less easily broken, are generally preferable to those of cast irou. 

When the coaU used are of a caking nature and adhere t« tin 
bars, or cause trouble hy the quantity of scoriie tbey yield, 
various arrangemeuts for giving the bars a rockiitg motion for 
breaking the fire and detaching the clinkers have been iuvent«d. 
Some of these have been used with advantage, but the troubls 
and expenso of keeping tbeni in repair appear to have operated 1 
against their coming into more general use. 

With the view of increasing their durabUity, the bars are often I 
made hoUow to allow a current of cold air or water to pass I 
through. The air and water by becoming heated also adds to ] 
the efficiency of the furnace. The advantage of the.se expedi- 
ents is, however, que^tionaible, in consequence of the estra first 
cost involved and the expense and trouble of keeping them in 
good order. 

The bridge is a low vortical mall or partition at the back of 
tbe grate, and forms a back end to the furnace. It is usually 
made of fire brick or cast iron surmounted by fire brick. The i 
bridge is sometimes hollow, perforated, or split to admit air [ 
behind the furnace for burning the gases. Sometimes, however, 
tJie bridge ia a wrougbt-iron water tpace communicating with 
Ole iusido of the boiler. ^^Ul:\L wn-Vei \irui%^ axu >urai. ^nb J 
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herald be taken that the ends inoliiie or curve apwarda to 
icilitate the escape of the bieam bubbles as thej aie formod od 
lie ioDer surface. 

The briilgB acts usefully in bringing the flame in contact 
ith the tieatmg surface, auj by retarding the escape of the 
ftseB'iuto the fluids promotes their ailmixture with the air. 
lie space above the bridge is often, however, mada too crampaU 
ith these ends in view. The narrower the apace the greater 
luat be the force of the draught to draw the gases through. 
"he heightening of the bridge may, in oon sequence, be 
ttended with au incresaad waste of fuel, as the gases are libelj 
isoape at a higher temperature into the chimney, MDre- 
:, the extent of the heating surface which receives the 
ftdiaut heat from th» fire is diuiininbed hj heightenijig the 
ridge, and the action of the higher tempenitiire and more 
)rcible impingement of the flame and air agidust the furnace 
latee is liable to be destructive, especially when sedimeutarj or 
i^asy feed-water is used, or a seam of rivets happens to be near 
le bridge. The best heijjbt to make the bridge, in aui^ case, 
m only be determined by actual trial, as it will depend upon 
le size of grate, strength of draught, character of fuel, tbickness 
' fire, and relative quantity of air admitted through the bars 
id above the fire, or bt-hind tbe bridge itself. The passagB 
love the bridge, as an approxiioate rule, may be made one- 
Etb tba area of the fire grate. By lowering the bridge the 
una will not be cooled so suddenly by contact with the plates, 
id may be made to pass further along the Sue with a diminished 
'aught, whereby the prerenttou of smoke will be facilitattd, 
:e evaporative eilidenoy luoreaHed, and a saving of fuel 
Footed, In many cases a reduction of two or three inches in 
« height and an improvement in the shape of the bridge, 
hereby it is better adapted to the shape of the furnace, have 
d & very marked effect in reducing the consumption of fuel, 
eventing smoke, increasing the evaporation, and iu diminishing 
e wear and tear of the boiler. 

Hanging or inverted bridges ara often used. These are placed 
me two or three feet behind the ordioar; bridge, behind which 
r is admitted to the ganes. The space between the bridges 
en. forms a suitable flame chamber for aiding the perfect com- 
of the hydrocarbons, and the use of hanging bridges in 
is manner has been attended with very satis factory results ; 
t the difficulty of keeping them in re^ir haa usually led ta 
air abaudonment ofter.a tdiort ttisiL 
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Underneath eitemiilly fired boilen with deep firuh tines, tiro 
or three additional bridges aie often arranged at regular dis- 
tances between the furnace bridge and the back eud uf the flne 
f'T the purpDBe of keeping the goaeBiu contact with the btHleru 
thef pas* along. 



Boilera flhould be set with as lil'le brickwork in couta«t vith 
the shell as practicable, fariicularlj at and near the bottom 
where any water or moiature is liable to loilge Against the plltei. 
All the llueB shoiiM be faci^d with fire bricks, and fire lumps or 
blacks, but not bricks, should be used for the seating. No 
mortar should be uned where it can come in contact with tl 
plates, but fire clay should be need instead for tha whole setting 
of the boiler. The flues should bo sufficiently large to admit of 
being prop<?rly cleaned and to enable periodical oxterual exami- 
nations to be made with facility and satiafaction. The oommon 
practice of cramping the flues arises out of the desire to impioM 
the efficiency of the boiler by keeping the gases in contact w"' 
the plates. But the sUj^ht waste of heat that may result from 
the use of modenttoly wide fines is far outweighed by the greater 
security obtained from the better examination they ii 
fact is too often lost sight of tliat the difficulty of cleruiiiig the 
plates caused by the narrowness of flues usually results in thi 
plates becoming covered with a permanent coating of soot one 
other non-conducting substances, which renders them useless oi 
heating surface, and consequently the narrowing of the flues 
defeats its own intended end. 

Plain cylindrical or egg-endad boilers, when made b 
draught or split draught, ara supported on side walls which 
should not exceed three inches in width at the surface on which 
the boiler rests. There is, however, no advantiige gained i 
evaporative efieot by making the flues of long and moderately long 
egg-ended boilers for wheel draught or split draught ; but there 
is a decided disadvantage in the increased difficulty of cleaning 
and examining these arrangements of flues involve. These 
boilers are best set with flush flues, the gases passing straight 
from the bridge along the boiler bottom and sides to ths 
chimney. This arrangement dispenses with all briok-worfc 
seating underneath the boiler, which is sometimes supported 
OB cast iron brackets protected on thtir fronis by fire brick, but 
far moi'e usually by brackets xWeteA to ^'im suVa 
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upon the masonry. Boilers of great length — 50 feet and 
upwards — are often suspended from transverse cast iron arches 
resting on the ma«:onry at the sides and placed from 12 feet 
to 16 feefe apart. The boiler is connected to each bearer by 
means of three bolts secured to angle or T irons riveted to thn 
shell crown, and secured to the casting by nuts, by which the 
weight of the boiler can be adjusted. There should also be a 
stmt of T iron acroRs the inside of the boiler, under each bearer, 
to resist the tendency of the shell to assume an oval shape from 
the weight of the lower portion of the boiler and the water 
acting against the upward direction of the force exerted by the 
suspension bolts. 

Since the weight on each bearer must vary considerably with 
the arching of the shell, due to the greater expansion or con- 
traction of the bottom compared with the top, long boiler6 are 
liable to be strained and break their backs when suspended from 
the end attachments only, or the bottom is liable to become 
buckled together when suspended only from the middle bearers. 

For remarks on the brickwork and setting of internally fired 
boilers, see chapter on Wear and Tear, p. 200. 

With Cornish, Lancashire, and other similar boilers of mode- 
rate length, in order to promote the circulation, and heat the 
dead feed-water at the bottom, the flues should be arranged to 
conduct the gases forward underneath the shell bottom on 
leaving the flue tubes, the draught being split at the front to 
pa»s backward along each side to the chimney. Each side flue 
may be mad^ with an independent damper, or one damper may 
be made to serve by uniting the side flues behind the down take 
at the back. But when the boiler is very short compared with 
the length of grate and there is a strong draught, it is advisable 
not to expose the shell bottom to a very high temperature by 
taking the gases along the bottom before passing through the 
side flues. 
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Onb of the greatest, and at the same tiine one of the i 
frequent difficulties steam users have to contend with is 
formation of deposit and iacrastatioa, or, as it is also called, 
■carf, saale, or fur, in their hoilera. 

Where the scule does not acquire a greater thickueiu than 
about -Jg inch ou that part of the boiler where the circulntioa 
is moat ilefectire, and not more than that of an egg-shell, where 
the circuktion h mo^t active, it may in moat cases be regarded 
rather as au advantage than otherwise, funning, as it geneiall]' 
does a ooaliug to protect the boiler against the oorroiiive action of 
tlie water. But when it beoomeB thick enough to threaten th« 
closing up of the water spacoa, or when it gathers in consider- 
able quantities on the plates luid tubes exposed to a great heat, 
the iucrustatiou becomes a source, not outj of auiiojrance 
wasteful expenditure of fuel, but also of actual danger tram 
explosion, and tends grc^.tlj' to shorten the life of the boiler, 
even where no actufd d;iogcr exists. The heat from tiie 
furnace not being carried off mpidlj, as it otherwise would h 
by the fresh portions of water that are brought to it by the 
circulation, since its traiisoiiaaion ia resisted by the thick 
coating of scuif, which is always a bad conductor, thti plates 
become overheated, often to such an extent that they may in 
course of time become burnt through. The overheating due 
to the presence of incrustation may become daugerons, long 
before the plates suffer muuh from burning, especially iu 
oaiie of large furnace tubes, where the softening leads to dis- 
tortion which ia soon followed by collapse and disaster. 

The formation of iucrustatiou, when it gives rise to slight 
overheating, must add materially to unequal exp.insioD, which 
is found to be oua of the (inncipal sources of wear and teu 
ui a boiler. 
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lucnuiaiion also leads indirectly to overheating by closiui^ 
tip the apertures of the feed-pipe, especially when the water is 
admitted through small holes. 

When of considerable thickness^ and very hard and difficult 
to remove^ incrustation interferes greatly with the examination 
of a boiler, and renders it no easy matter to ascertain with 
any degree of certainty the condition of the plates concealed 
from yiew. No doubt there are certain well-known marks of 
colour and configuration accompanying some kinds of incrusta- 
tion which indicate with a considerable degree of certainty the 
defective condition of the underlying plates and rivet heads, 
but these indications are by no means infallible. Their presence 
often causes groundless suspicion and anxiety, and their 
absence may lead to a sense of security and consequent neglect 
likely to be productive of serious damage. 

To such a degree does the accumulation of scurf interfere 
with the efficiency and safety of some descriptions of multitu- 
bular and water-tube boilers that their employment in many 
cases has to be abandoned. Indeed, the nature of the feed 
water available is too often lost sight of in making selection 
from different classes of boilers. It should always be under- 
stood, that when very bad or hard feed w^ter is to be used, 
the boiler should be chosen for accessibility to all its interior 
parts, as upon this circumstance greatly depends its future 
economical and safe working. 

Most waters used for stationary and locomotive boilers contain 
solid matters in solution which become precipitated by elevation 
of temperature, or are left behind by evaporation. On the 
matters ceasing to remain in solution, the first effect will be 
their deposition, and unless blown out sooner or later, the 
deposit becomes hardened, and forms incrustation. The 
quantity of matters held in solution are commonly from 20 to 
40 grains per gallon, and in some few cases reach as much as 
200 grains per gallon. But a much less quantity than the last 
is sufficient to cause serious inconvenience when present in 
boiler feed water. This may be easily shown as follows : — 
Taking the moderate quantity of 20 grains of mineral per gallon, 
of indifierent solubility, we shall have the considerable quantity 
of upwards of ^ cwt. left by the water boiled away in a week of 
60 hours, at the rate of 350 gallons evaporated per hour — not a 
very unusual quantity with large stationary boilers. Taking 
the specific gravity of the incrustation formed »& ^^ oitift-Viiil 
cwt. wJU be Buficient to cover 250 square ieet ol ^^\.^ ^SjOok. 



a tfaicknee* of '0144 inch, This would amouut to -^ 
threa mouthn, if allowed to accnmnliite. 

With the ciistoDuiry want of ntteution to blowing t 
cleaoiiig, we can fi om thia rea^l ilycouceiFe the eicensive Ihicknea 
of iucTDstatioii that may accumulate ovur the whole intcraal 
surface hebm the water line iu a very small fjaction of th« 
average life of a Bt«ain boiler. 

BesidtfH the suliHtaiices helJ in solution nany waters hold, • 
lATgeamnimtiii BusjwQsioD, which ore left behind liy the erapont- 
tioD. These principally coiigint of mud, clay, and other earth; 
mattera curiieil dowo by raiua auj ruitiiiug water, or stirred up 
in canals and rivers by the p:LGHage of vexBels. 

There are but few problems connected wilh steam engineering 
at which inrentora have iried their haoda to a greater ext 
thau tlia prevention and removal of boiler iucnistations. 
late yearn it is computed that not fewer than 200 patents liave 
been taken out, and the number of anti-incrustation nostnini 
tried by conGiling or denpurate boiler owners is the best 
evidence of the magnitude of the evil they would o\ 

Before attempting to notice souie of the various anti-incnis- 
talioii ichemea that abound, it is a'ivisable to say a fnvr wocil 
oil the nature of the troublesome ingredients found i 
wttteni. 

The mere amount of solid tnattoT iu any water is no indica- 
tion of ita Stness or otherwi.e to be used iu a steam boiler, a 
this depends almost entirely on the nature of the solid impu- 
ritiea contained. The presence of 50 grains per gallon 
deliquescent salts, such for example as carbonate or chloride of 
aoda would not be seriously felt with a moderate amount of 
attention to blowiDg off ; whereas, on the other hattd, an sqoal 
quantity of salts of lime would render the water unfit for use, 
nniesB an utiusuol amount of care and attention were bestowed 
on blowing out and cleaning the boiler. Unfortunately the 
presence of the former description of salts is the exception, 
whilst the latter is the mie. 

The great majority of well, mine, river, stream, canal, and 
town supply waters contain sulphate of lime, bicarbonate of 
lime, and carbonate of magnesia. These, present in widelf 
different quantities and along with various other imporitMH, 
are the principal ingredients in the waters that cause the 
greatest amount of trouble, by forming hard iucrustationa a 
Jooae Jeposita that retaril the \TB.ii«nvva»\o!i ot Via,t *« <ha waten 
Recording to M. Coasts, fbft iulloiima mo ftio k%\\<m~ 
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of dxSiBrBiit nlte whidi od« it u|MirMl kiUUnu '^ » hU" 
(7<0^000 gaiiiB) IB njAble of hol«Jin;{ in «»liiU«Mi wrlk**!! «;"l«i 
(WFjtfar.), and wboi 
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Jntnto of CAldum 
Chloride of calcinin 

l!lie order of deposition in the UfiU-r it» < Iw Ktruiii \^A.»,uii» 
eoneentnted is given tliua : — IkI. Cm iMM.itU; «/f Imiu V'«'i 
Sulphate of lime. 8rd. Saltn of iif^ii, mm I/«^'m '/» «//i'U..^ fitl 
some of these of magneua. 4Ui. 'JV' wIk^i vi •^•i'l'n.w^ 
nsoaUy with more or Unm of oti^iiti lijavt^f f/ *>/t»'*n*,t0 
Hdt. 

With respect to the salt water uim^J iu iM«fifu l>«/ili<#r )i kr 
fonnd to yary in density and in iiutt u4itMr<p vf i<'^ inyM'ij. hU 
in Yarious localities throughout th'j i()</U-. A <<''/''<'«'/ *''/ l/i 
UrOy the largest proportion of satli L<;J ; jw n'/li^tt'/it m if'*^ '/^'i^o 
sea is 38 partM in 1000, and ib^ »f»«JU«t i^*/ Ti'* i'-< 'i ^'^i 
contains, however, 43 parts i» 1000; \h^ K*>i*i'^ 0, Om^ 
Black Sea, 21 ; the Arctic Owt^u, 2^ f/ ; Um; hnu.h t:h»^hUhl, 
35-6 ; and the Medit«rraueati, '^H, J'm/m^J*/ ^/•i'•'J U'* uvm^l^v 
specific gravity of sea- water to U 10^7, ii/^^ *^ U^f^ ^hMUlU^i 
water being taken at 1000. 

The sea water used in bis tixif*snut»;iiU w^tj^lt^/i 04 '1 410 IL 
to the cubic foot, and coutaiued of 

Chloride of sodium . . . , 'Jtf'ltyj 

Muriate of magnesia • . , , 'A'^l'i^'Z 

Sulphate of maguebia . . . 'l'2\2 

Sulphate of lime .... 10 J 3 
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beaideB quantities of other salts too smnll to be noticed. 

It is generally undemtood that the caiboiiale ol Vvwift^ >Ocvft 
amimtance, cbemicallj speaking, as selenite) cViflXV^ in^^^ 
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ftud limeHtone, is held in solution, in freah water, by &n 
of earboiiie aoid, and that in realil.y it is present in the stale of 
a bicarbonate. By heating the water, the excess of carbonic 
acid ii driven off, and the greater part of the carbonate is pre- 
cipitated. ItH solubility diminishes as the temperature iacreosu, 
and at boiliog point it is scarcely soluble at all. It is for tliia 
reoaau that in water, from which the air has been expelled, 
carbonate of lime is found in euch smnll qiinntitjoa. Corbouats 
of liinu has beaa variously estimated oa noluble in from 24,000 
to 16,000 times its volume of water, at ordinary temperature, 
or in the proportion of from 2f to 41 graius per gallon. Ae- 
cording to M. Couatrf, the solubility is nil at about 290" Fahr. 

Sulphate of linie, a suhataace of the same ohetnical compod- 
tioQ as gypsum or plaster of Paris, is next in importance tti 
carbonate of lime. Its soluhility also varies greatly with tbe 
temperature. According to Begnault, its greatetit solubility ii 
at 95'' Fahr., when it dissolves in 393 times its weight of water, 
or in the proportion of 178 grains to the gallon. At 212« it a 
only soluble in 460 times its weight of water, or 152 grains to 
the gallon ; and according to M. Coust^, like carbonate of lime 
it is completely insoluble at about 290°. It is therefore evideut 
that these two salts are precipitated in all kinds of water, menilf 
by the elevation of temperatare, when the boiler is worked at 
about 60 IbEt. pressure. 

In boilers working at low pressure, the sulplmte of lime ooald 
ba partially extracted by blowiog off, if the water became 
saturated »ith it at about 2SU° ; but its solution requires time, 
and tbe rapid evaporation precipates it more rapidly than it can 

Carbonate of magnesia^ or maguosian limestone, is the next 
important impurity in fresh water ; but it usually exists in much 
smaller quantity tbao the other two salts. lu its relation to 
temperature, and in it^ behaviour in the water, it is similar to 
cai'bonata of lime. 

On becoming insoluble the lime and other salts rem^n for a 
time Buspeuded in the water, and tend to depo-iit themselvM 
more or less rapidly, according to the density of the water, the 
manner iu which it circulates, and the intensity of the ebullition- 
Over those parts of the heating surface where the water binla 
rapidly, the insoluble salts are held in suspension by thfe 
agitation until the ebullition Bubaidea, or when the oiraulation is 
good they are carried a« ay w\tt t\iB wviTsjrAa, iivAii. ». >u«aQUfr 
tirel/ quiet part of the binlai ia iwiiaiwi, ■w^usa^ "iii»» 
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on the pistes or tubes. It frequeotly happens that the 
'feed pip«, itself when the feed U shut off, h one of the quieteat 
■pots in the boiler, Bud hence the amount of (lep<»it often found 
in it. But the furring-up of th& feed pipca, whether Tertical or 
horizontal, is mainly due to the sudden precipitation of the iiu- 
pnritieE on being acted upon by the high temperature in the 
boiler. The manner iu which the preci|iitation comes about is 
feometimea very remarkable, especially when the feed water at 
a high temperature enters the boiler nearly at the point of 
saturation. In such cases the lime salts are deposited as they 
pass through the apertures in the feed pipe, and gather fast and 
thick on the adjacent plates, or whan the feed is distributed , 

through a horizontal perforated pipe, the deposit is aometimea 
found projecting for a length of two or three inches from each 
aperture, like a hollow inverted stalactite. In time, the passage 
ttirongh the aperture gradually becomes closed up, and the feed 
ie consequently prevented from entering. 

It is by many supposed that the plates over the furnaces ore 
most liable to become covered with a thick iucruatatiou, as the 
greatest quantity of water is here evaporated. This is, however, 
tsldom or never found to be the case unless the circulation is 
Terjr bad, as, for instance, over the flat stayed crowns of most 
locomotive fireboxes. In plain cylindrical and internally fired 
tubular boilers the suspended matters in the water are driven off 
the plates by the ebullition, and carried to the port of the boiler 
where the circulation b most aluggiah — generally the coolest part 
(tf the boiler — and are there allow-ed to deposit. When a consider- 
able amount of incrustation is fonnd over the flroiu ordinary ei- 
tefnally fired boilers, it is usually caused by the detached scale 
which has fallen from the sides of the shell, in pieces too heavy 
to bo carried away by the oiroulation. The danger of over- 
beating from this cause is one of the principal arguments against 
the practice of having a fierce heat under a boiler-shell, where 
tike nature of the incrustation renders it liable to cover the 
furnace plates to any great degree. 

The carrying away of the deposited matter by the ebullition 
and circulation is also retaiiied by the presence of grease or 
■ticky matters in the watur, which form a paste with the im- 
'pnrities that often proves too heavy or tenacious for removal by 
the currents in the boilur. 

Uteeulphate of lime, on depositing, fnrmtis,n,«,mor^Vic<A^i::c(»k^, 

MB or leea bard, according to the othet inpaftXevA* Na eaMv 

wiUi it, and the heat tQ vHobAV ^ B».^o«^^J^^I 



carbonate of lime and carboniite of mflgnesia, on Lbe otlmrhand,, 
usually deposit as a luose &uo ponilur, foruiiug a white sIudgB 
with the water. They often Hcilidif; in combiinktiun with the 
Bulphate, foriuiug a hard aiuorpboua cni^t. Bufore depoaitton, 
tJie light carbou.itea precipitated are lield in auspenaiou near ths 
surface of the water, and are fretjueDtly carried along with the 
it«am and waCur into the eteaia plpex and cylinder. Af Kr a feir 
morithK' work, pistous and cylinder coTcra have been fbimd 
ooTcred with a coating ^g" thiclc, or even more, of this fine, im- 
palpable powder. Thi^i, it ia «yidci.t, in time, is liable to Cftow 
the breakage of the ayliuder covera, pistons, or other parts of 
the engiue. 

When the dapOBited carbonate of lime is present in consider- 
able quantity, along with other impurities, it will remain aott 
for a length of time, and if not exposed to too high a tempan- 
ture whfn drying or emptying the boiler, will be ocmverted into 
a fine floury powder, of a light colour. But if the boiler be 
blown out whde the plates aod brickwork in the Quea are «t a 
high tempumtiire, the sludge ofteu becomes baked hard ; and 
it ia to this ciicuinHtanCB that a great amount of the hard ift- 
OTDBtatiou from both the sulphate and carbonate of lime ia doi. 

When It boiler fed with water coiitjiiaing salta of lime is blowil 
out cold, and the intrrioi ie examined before it beoomes dty, 
the plates, tubes, and stays may be found covered with a thii^ 
coating of light-coloured sludgy deposit, that can be removed 
with very little trouble if brushed oil' or washed out with a hoie- 
pipe and jet of water. Should, however, the interior be mam- 
tiined at a high temperature, by blowing out before the boilet 
and Sues are cool, the deposit becomes baked oo, and appareutij 
there is not bo much loft fur removal where the practice of 
chipping off the scale is nut carefully carried out. It Is for this 
reason, namely, the excuse of having little easily removable 
deposit to deal with, that many boiler attendants prefer allow- 
ing the scale to bake hard and fosc on. It must be admitted 
that in many tubulur boilers the tiisk of sweep'mg or waahing 
out the loose deposit is a very unpleasant one, and likely to be 
shirked by the majority of boiler attendants. 

Various attempts have beau mode to calculate the loss of 
heat caaaed by incrustation formed ou the heating surface, But 
the circumstances to be considered which deteruiiue the rate of 
heat transmission through plates covered by scale of difltuent 
kiada and thickiieas, eitbtt bom"giin>:ovia or tfCa«TiB"\i«, ■»!« nof 
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anyihing like exact calculation. It has by one observer been 
stated that -^ inch of incrustation on the tubes of a multitu- 
bular boiler is equivalent to a loss of 20 per cent, of fuel, and 
that the loss increases in a very rapid ratio. 

Another observer has demonstrated that a scale -^j^ inch thick 
demands an increase of 15 per cent, of the fuel, and as the 
incrustation thickens the ratio increases thus : when it is 7 inch 
thick 60 per cent, more fuel is required, at ^ inch 150 per 
cent. 9 and so on. Now it is not stated with which particular 
kind of boiler, or for which part of the boiler this statement 
holds good, nor is the nature of the incrustration btated, on 
which its conducting power depends. Most boilers with an 
ordinary draught would be quite unworkable with ^ inch of 
scale on the furnace plates, and numerous boilers have scale 
considerably thicker than this over the greater portion of their 
heating surface, without demanding anything like 100 per cent. 
more fuel than when the plates are clean. On the other hand, 
tt has been, stated, on the authority of Peclet, that a very thin 
coating of incrustration favours the transmission of the heat to 
the water, since it has been observed with new locomotive 
boilers, that the production of steam increases at first, then re- 
mains stationary, and at last decreases. It is probable, how- 
eveTy that the increased production of steam observed was due 
to the diminution of the priming which is generally very great 
in new locomotives, and which decreases as the grease and dirt 
are removed, and as the violent ebullition at the firebox 
diminishes when it becomes covered with a thin coating of 
scale. 

It is certain that the uniform coating of sulphate of lime 
formed hard and fast on the furnace plates even ^^ inch thick, 
is not so liable to lead to overheating as the thinner, but more 
irregrular deposits, that sometimes form like barnacles on th^ 
plates over the fire, or the scale formed of lime salts mixed 
with organic matter which adheres tenaciously, but does not lie 
close to the plates. Indeed, a few greasy rags lying on the 
plates exposed to the fire will lead to overheating sooner than a 
fomudable-looking mass of close-lying and compact incrustation. 
Bat the deposit that produces most frequently the effects of 
over-heating where they are often least expected, and by many 
oonsidered most unaccountable, is the impalpable powder found 
in the boiler when empty and dry, of which carbonate of lime is 
iheiMef ingredient In consequence of th.e\\^\>iiQ«aoV\\»'^^xNiK.^<ef^ 
j'eh Jong held in anapenaoB, and covexa thfi BwriAA^^i^^^^ ^^ 
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rHsisUuce is oftWriid U> the free escape of the Hteam bubbUH, uil ^ 
to thu free coDTectiou of he&t. The water is in cunsequenoa 
liftetl off the plulefl by the steam that aacumulnteB on their etlE> 
faoe, and allows thetn to become over-heated. 

The tenilenc; to over-heating is much aggravated, if gresN 
or other organic matter be present in the water along with tha 
tine floury deposit. The grease appears to combine mechuh 
eally with the carbonate of Uioe, and when the compound aub 
on to the plates overnight, or nheu the boiler is at rest, tl 
clings as a loose, spongy moaa, too inert to be carried off by till 
oii'culHtion or ebullition which it retards, and hy preveotingthl 
contact between the plates and the water, and by offering gretl 
resiatance to the tronsmissiou of beat produces over-heating of 
the pLitei. 

The fioory deposit usually conalata of at least 60 pet cent 
of carbonate of lime with Hmall quantities of carbonate of mag- 
nesia, snlphate of lime, oxide of iron and alumina, aond aod 
other ifflpurities. Its colour may be white, grey, slate colour, 
or fawn colour. When found in the boiler after blowing oS^ 
the colour depends in great measure upon the heat to whioh 
it has boen exposed, being lighter on the furnace plates, and 
those over the hot brickwork, than upon the stayi and upper 
parts of the boiler. Being easily washed out as sludge whan 
the boiler is damp, or swept Away as fine dust when dry, tlu 
presence of this deposit often attracts too little attention, and is 
often overlooked as a cause of over-hratiug. Its presenoa U 
usually made manifest by leakage at the seams and fraoturing 
of the plate edgea over the fire, frequently accompanied bj i 
gradual and steiuly depression of the fiirnaca plates both 
externally and internally Sred boilern. In Cornish and Lanak- 
ahire boilers the over-heating is not so much at the crown aa it 
the sideH of the furnace where the plates frequently bulge 
wards a few inches above the fire bars, the crowu being at the 
flame time forced upwanls. The presence of grease in combine 
tion with the dejiosit is easily recognised by heating a ~ 

quantity on a red-hot plate, or iu a ladle. Grease is neailj 
always preeeut when the feed is heated by the exhaust > 
from a non-con dun sing engine, or is drawn from the hot well of 
a coudeosiug engine. In mauy ca^ea the system of feed beating 
by the exhaust steam, or fealing with water from the hot well 
b»s to be abandoned in coimequenco ut ttia iniutY done to 
1 Jxaler by the grease bo inlioittced. 
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The teudenc)' to oiei-heatiog when this carbonate of lime or 
rbanate of mignenia powder la preseat is naturally njuoh iU' 
when the furnace heat is intense, either from tbe nature 

the coal or the etrength of the Jratight, or from the cloae- 

19 of the fire to the platen. lu fact a very slight iiicrea-e of 
Kught frooi a diffeience in the settiug of the boiler and 
aiigement of damper, firebars, or bridge, maj make a 
aded change in (he Ibbility to ovei-heitt. Cases have been 
it with, where, in a serita of boilers appareutly alike in every 
pect, oiiiy one has given trouble from leaking, fracturing, 
i other effeuts of over-heating, and it is always fonud that 
ia boiler burns the most coaln, either &am having the best 
Might, or from the fires beiog forced in consequence of the 
idge being too high. When the rate of fuel connumptioa is 
iuced to that of its neighbouring boilers, the trouble from 

ir-heatiug is found to cease, 
That a compact homogeneous mass of incrustation should 
Dve less detrimental to the plates exposed to the action of the 
I a spongy, less solid, or powdery mass, is easily ac- 
unted for on the principle that loose sand forms a much worse 

iductor of heat than the solid stone from which it has been 
dnced. By way of illustration it may be remarked that if 
t take a kettle or pan, coated ioside with i inch of scale, we 
D boil clean water in it with far leas risk of over-heating than 
B take a clean vessel and attempt to boil milk or water 
tokened with oatmeal, or other like substance. 
In the latter case in consequencEi of the accumulation of the 
a bubbles on tbe bottom of the vessel, and tbe resistance 
posed to tbe convection, unless it be promoted by stirring, 
e bottom of the vessel will soon become over-beated, tbe effect 
which is well known to those experienced in culinary 

On breaking a piece of hard incrustation taken from the 
c udes of a boiler, the fracture generally presents a 
a of layers, partly crystnlhne and partly amorphous. The 
"B are of different thickueas, from that of paper to i inch or 
I. Interspersed with these hard layers formed by the depo- 
1 of the salts, are frequently found thin soft layers of 

rthy matter, which has been held in suspension and deposited 
1 the agitation of the water has temporarily ceased. It 
ttimas happens that not two of the numerous layers are 

ike in colour, consistenoy, or chemical composition., a. f&ci d>ia 
« dialurbing iD&ueiiCB at theaDUToeoE \i^io^«A^t^l> "£&» 
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fooe of the inornstiiitbn next to the plate is veiy often of it 
black colonr, &iid adhering to it is found a, filia of oxide of irony 
whilst the siirf&ce of the plate ia quite soft, and bears n 
tukiible signs of wasting, RometimeB to e, considerable depth. 
This is nsnallf caused by the corroEiive action of the iron salts, 
and ill bruckitih water by chloride of magnesia (mniiate of m 
iiesinm). This last salt is the destTuutive agent in sea irater. 
When concentrated it decompofW at 212", a " ~ 

forming magnesia and hydrochloric acid, 
set free rapidly corrodes the iron. 

From water containing salts of iron in. considerable quantity 
the incrustation formed has often a red tinge. Chalybeata 
waters are generally highly injurious to the pistes, and the film 
of incrustation next to the iron is sometime)) of a deep red, 
colonring the water that oomos in contact with it through US 
fiasnres in the scale, by which the prosenca of these injuriona 
salts i>f iron is easily detected. Some hinds of the softest and 
purest waters deposit small scales in a somewhat ci 
over the plates about \ inch thick, of irregular shape from 
i inch to 1 inch diameter. On removing these the plate 
is found corroded underneath Rometimes to a considenbls 
depth. 

The meana in use and proposed for presenting and removing 
inemstation may be classed as follows :— 

1. Blowing off. 

2. Introduction into the boifsr of chemical agents, to rendei 
the impurities in the water more soluble. 

3. Introduction of mechanical agents calculated to prei 
the accumulation of the deposited particles into a, solid in 
and to diminish their adherence to the plates and tubes. 

i The employment of internal collecting apparatus, t 
which the deposit con be removed more readily than &om the 
plates and tubes, 

5. The improvement of the circulation by braticing or 
separating the upward and downwards currents by plateB or 

8. Purification of the water previous to its dsliveir into 
the boiler by heating, treating with chemical re-agenti, o 
filtration. 

T, Surface condensation. 

8. Cracking off the incrustation already formed by siiddelll; 
expanding or contracting cither the scale or the plates. 
9, Bemovtil by maauul UXimo 
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10. Employment of galvanic or other agents whose action 
IB not understood. 

11. Allowing the boiler to cool slowly and completely before 
blowing out. 

1. Blowing off is the readiest, and therefore the most fre- 
quently used means for both the prevention and removal of 
incrustation. In most land boilers the blow-off tap is only iu 
communication with the boiler bottom, and in most cases its 
effect is too much localised to be of any great value as a pre- 
Tentiye of incrustation. But there are many boilers provided 
with one or more internal pipes, extending from end to end 
along the bottom, and in connection with the blow-out tap. 
These pipes are usually carried about 1 i clear of the plates, 
and perforated on their under side, where the holes are not so 
liable to choke up as on the top. The common practice is to 
use this bottom blow-out apparatus twice or thrice a day, with 
the boiler at work. 

When this apparatus is kept in good order, experience has 
shown it to be of marked value where the impurities are heavy 
and sink to the bottom. But when the water contains much 
carbonate of lime and carbonate of magnesia, and other ingre- 
dients of light weight, it is found better to blow off after the 
boiler has been for some length of time quiet, and the deposit 
has had time to settle. 

Perhaps the best indirect proof of the efficiency of the 
bottom blow-out apparatus is shown in the liability of the 
blow-out pipe to become completely furred up if not regularly 
used, when it renders the emptying of the boiler no easy 
matter. 

The fact of the impurities in many boilers being held in 
suspension for some time by the agitation of the water after 
they cease to be soluble, and floating as scum on the surface, 
has suggested the plan of using surface blow-out apparatus. 
Several arrangements of this kind have been invented and are 
extensively used. They are all alike in one respect — they offer 
a quiet place, firee from the agitation caused by the ebullition, 
for the deposit to settle in. The deposit that collects is blown 
out at intervals. 

One arrangement, at one time much used, consists of one 
or more trumpet-shaped mouthpieces, in which the scum 
collects, placed in communication by vertical pipes with the 
horizontal bottom blow-out pipe. The mou^i^ S& X^^^H^ ^i^<^^ 
horizontally acroaa the boiler, and fadng \\id ixox^ «vAHa \s^^*^ 
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the surface eurrentB, which aTirajH set backwitrds firoiii the fire. 
This anangemciit is very objeEtinnable nhen applied to moat 
(letcriptiova of intenuklly fired boilers as the pipes, both hori- 
zontal and verticiil, greatly increase the alreiJy very arduons 
tuk of oleaniug out the boiler bottom. It very frequently 
happens that this interference with ihe awaepiog out and 
cleaning produces a greater evil than it eeelifl to remove, and 
no peiiDsueiit advantage c»n be eipecled from the iutroductdra 
of pipes or other obataoles along or near the bottom of Comiah, 
Luncashire, and similar kinds of boilers. 

In order to act with equal efficiency as the water level rises 
and fulls, apparatus have been introduced to float on the water, 
but the iucrustatioa interferes with their freedom of actiou, and 
in many canes they soon become fixtures. 

Another surface blow-out apparatus consists of a S-indi or 
i-iDch pipe, with a trough cast on its upper side, i-omniiiiii' 
eating with a blow-out tap, usually fixed on the boiler front. 
This, ciiet la short lengths to admit of being passed through 
the manhole, exteuds from end to end of the boiler, and il 
fixed BO that the top of the troii<,'h ia just about one inch below 
the mean level of the water. In order to be most effective, 
such an apparatus should be placed in the middle of the boiler, 
but here it would greatly interfere with the cleaning of many 
kinds of boilers ; and for this reason, and also for facility vt 
fixing, it is usually pkced on one side. It is usual to have 
only one pipe in ordinary sized boilers, bnt two would anawer 
better in a boiler sufficiently large foi their admission wiQioiit 
interfering too much with the cleaning out. 

The single surface blow-out apparatus, just described, hu 
been extenaively, and in very many cases successfully, used. Id 
some cases, however, it has fallen into disuse and been aban- 
doned, .in consequence of the little additional amount of labour 
necessitated in keeping clear the perforations along the top of 
the pipe, without which they are liable to become choked Mf, 
which Tenders the apparatus worse than useless, as it must 
always interfere with the free access to some part of the bcoler. 
The plan of keeping the perforations clear by introducing the 
feed through them has been patented, and has given satisfac- 
tory resultH. Since it is absolutely necessary that the feed 
inlet should be kept olr^r, this plan ensures the requisita 
amount of attention beiiig paid to the blow-out apparatus. 

An objection sometimes taised. a;£B.ma^, ■m.-rfiae blowing out ti 
tie wtiate it oausee, vrlucb ia btotA^ io aa.\.««^>. uij wafi 
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ftdrautige it tnnj affari. It ma? happen that tlia wante in 
blowing out the hot water may be greater than tha loan ori-iing 
ptom the deposit it is Bought to remoTe. Thia will, however, 
Jepend upon the manner of uniug the apparatus, and as this 
a mutter of some importance, -wo will consider the priuoiples 
. which its effidenoy dHpeu<la. 

If the deposits were produced merely by the concentration 
the water, that is, if they were precipitated only on tbe water 
kniTing at the point of saturation ; and assuming the concfo- 
tfation to be uniform throughout the boiler, iucntstatiou could 
Iw almost completely prevented by blowing off from any part 
below the water level. In this oase it would only be uei:essary 
to extract a quantity of water contaijiiiig a, quantity of salts 
equal to that contained by the feed introduced. If the feed 
ontained 1 per cent of any salt, and it required 3 per cant. 
D saturate it, there would be no precipitate if one-third tbe 
inantity of water introduced were blown out, tha water in the 
Miler being thiii iDniiitaitied below the point of saturation. 
Ordinary aea water contains about j^j of its weight of eoiumoii 
As the briue in the builor should never be allowed to 
. treble that strength, tha volume discharged should be 
■qDkl to half the volume of water evaporated. lu many cases 
is inadvisable to aUow the brine to rise above double the 
rengtb of ordinary sea water, or to exceed -^ of saltueKs ; the 
brine discharged should then be equal in volume to tbe nett feed 
tbe quantity evaporiLted. The loss arising from 
blowing out is given at page a08. 

It ia evident that tbe btneScial resnlts obtained from blowing 
out the brine at sea would always be produced with the odier 
deposits if they were suspended equally tbroughout the whole 
body of water in the boiler on ceasing to be in solution. 
XFufortuuately, however, nearly all the matters excepting tlie 
Htlts of soda are precipitated bj the mere elevation of tem- 
perature, and are no looger in solution at ordinary workiug 
temperaturus. The heavy atdphate of lime deposits, the most 
ftroublesome to remove, are not long held in suxpension. It in, 
' fiiarefore, nselesa to rely upon blowing out a large quantity of 
; -Vater to prevent the formation of sulphate of lime scale. The 
ligbter pnrticlea of carbonate of lime, which are longest held 
In fluspension when (he water is in agitation, although iu 
'igreitt meaanre rcmuvable by surface blowing out, ace not 
feaiiSy extracted by blowing out a. large i\\\w\VJA3 oi 'vi'riMffl »S. 
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Bhown that when either n ourface or bottom blow-out tap of ■ 
Uad boiler is opened, the depoalled matters that have gadierfd 
in the pipes are copiously discharged all at once. In ordtQirir 
cases their flow doeB not last longer than from 6" to lU". 
Unless highly soluble salts, as tho'e of soda, are present, the 
water discharged after this contains but little incrustation 
uatter, and the blowing out i.^ therefore only a waste. Tha 
proper manner of using blow-ofi' taps, where the object is to 
extract the lime and magnesia salts, is to open them at least 
every hour, or as soon as the deposit has had time to aean- 
mulate in the pipe, for about 10' or 12' at a time, rather than 
for 60' or more every three or four hours, which is the preval- 
iiig custom. Thi^ practice will doubtless cause a greatai 
amount of wear and tear of tap'^ and packing, and will demand 
more attention than is usually given. 

2. The number of chemical aubgtanceB introduceci into boilen 
with a view to increase the solubility of the contained salts, bj 
decomposing them, is very large, and their use has beei 
attended with widely varying degrees of snacess. 

FerhiipB the most extensively employed of these substanoes, 
einoe it is the cheapest as well as one of the moat efrective, ii 
carbonate of soda — the common soda of commerce. White ashi 
or soda ash, being cheaper, is often used instead, but is IM 
eSective. Soda is found to act well iu preventinji: and removinj 
iucruHtatioua, consisting of both sulphate of lime and carbonati 
of lime. The manner in vhich the soda and the sulphate il 
the water react on each other is readily understood. These twi 
salts exchange their acids, the result being the formation o 
sulphate of sodn, which is \ery soluble, and carbonate of lime 
which, being absent from any carbonic acid in excess, isinsold 
ble, and precipitates without forming a hiird incrustation. Thi 
reaction on the bi-carbouate of lime contained iu the feed wate 
leads to the same result — the precipitation of the lime salts 
The carbonic acid in excess is seised upon by the soda salt, an( 
the carbonate of lime is very rapidly precipitated. The carboni 
acid taken up by the alkalins carbonate in however liberatei 
again by the heat, and the soda is in its original state, am 
ready to act again as before. This is probably the reason wh; 
a very small quantity of soda is found to act » ith auch effect ii 
a very large quantity of water. 

The carbonate of lime, s.fti:T settling, which it does wm 
qaiokly in the quietest parts cX. ftie^aoiCT,! 
M sludge that ova be eaaay -wa^heA a 
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stated, and therefore the boiler should be cooled gradually, and 
not emptied whilst the brickwork and plates are still hot enough 
to bake the sludge into a hard incrustation along with the 
Mlphate of lime usually found with it. Before settling, this 
pradpitate, in consequence of its minute division, is carried by 
the agitation of the water to the surface, and remains for a time 
as a scum, although the specific gravity of the solid carbonate is 
about 2*7. For the above reason, when lime salts are present 
in any considerable quantity, the use of soda should always be 
aooompanied by frequent and regular blowing out, to prevent 
priming, and the overheating that is liable to take place from 
the thickening of the water, or from the settling of a large 
quantity of deposit on the furnace plates when the water is 
allowed to become quiet — as at meal times. 

The common practice of introducing the soda is to empty a 
bucketful, or other quantity, in the solid state, through the 
manhole when the boiler is tilled and ready to start after clean- 
ing, or else to drop it periodically, at intervals of a few days, 
through the safety valve, when the steam pressure can be allowed 
tO'falL Now, there is one great disadvantage in thus intro- 
ducing soda into a boiler in considerable quantity at a time, 
namely, the tendency it has to cause priming and all its accom- 
pauying evils, even to the breaking of cylinder covers, &c. The 
liability to cause mischief from the injudicious use of soda has 
frequently led to its abandonment, and, like many other useful 
agents, the evils attending its abuse are worse than the evils its 
judicious employment would remove. 

The plan of introducing the soda into the water tanks or hot- 
wells of condensing engines from which the boiler is fed cannot 
be recommended, as a great quantity of the water usually runs 
to waste, and consequently no proper estimate can be formed 
of the quantity of soda that actually reaches the boiler. The 
best method in all cases is to dissolve the soda, and introduce 
it continuously with the feed, which can be done by connecting 
the vessel containing it with the suction pipe of the pump that 
supplies the boiler. The rate of flow can be regulated by a 
small tap between the suction pipe and the vessel containing the 
soda. When the boiler is fed with an injector, there should be 
a small tank from which the feed is drawn, in which the soda 
can be dissolved. This tank should be drained by the injector 
from time to time, to insure the introduction of all the soda into 
the boiler. The proper amount of soda to \>q \]a»^ S&\^*^ \^x^\i\ 
ly experioMoe. The usual quantity vaneaitouL \ ^. \»^ "iV^ 
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par day, acconling to the quality and quantity of the naiet 
Avaponted. With soda ash ih larger quantity will be requiml, 
tuid. with CBuntic sola a amaller quantity. 

When u»ed iu eiti^eaa, xoila m by luatiy consiiiered to destroj 
the angins packing, and to attack the biasa work below tbo 
water level, suuh as the water gauges aud other mouutiiigs ou 
the boiler &ont. There can be no doubt that the bruBS tap 
and valves often require more frequent recriiidiug to keep thmn 
tight when Boda is used in the boiler. Thlii, however, may ba 
attributed to the increased amount of fine grit aud powder 
caused to float on the surface, which acta rapidly on the bran 
wearing surfaces, and is another reason why au efficient surface 
blow-out should be provided when aodn is used iu water i 
toiniug much carbonate of lime. 

Soda does not act injuriously on the boiler plates, unless tha 
salt is concentrated from wunt of HuSicleiit blowing olf, or 
unless the soda itHcIf is impure, and contains acids. Yet it 
has often been charged with causing internal corrosion in all its 
various forms. The belief in its injurious action has in many 
cases arisen from the following cause. In boilers fed with watu 
containing corrosive impurities, together with matters that form 
A thick incrustation, the damage done by the former is in ti 
to a great extent prevented, and sonmtimes altogether o 
oealed by tlie acale formed. On empioyiug soda, and particularly 
canstio soda, to remove the incrustation, the defeats in tl 
piatus, whose preseoce may not even be suspected, become ai 
posed, and being attacked anew by the acids in the water Me 
for washing out the boiler, which are not neutralized by iho 
soda, are caused to " bleed." This gives them the appearance 
of having been recently formed, and their presence is at a 
set down to the action of the eoda. 

This leads us to the consideration of another valnabb 
property of common soda, namely, its power of neutralising thf 
free acids so often found in the purest waters used for boilM 
feeding, as well as in those containing large quuntities of itO' 
purities, and which are the direct cause of pitting and other 
forma of oorrosion. The introduction of about half a pound of 
soda per day into an ordinary large-sized boiler is geiienllf 
found sufficient to prevent, or at least to greatly mitigate, any 



The well-known property soda has of dissolviug and remoruie 
■««se, which coustitntea one -ot its a\ive^ ssiw 
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diffieulty oflen caused by the presence of grease in the water. 
The foaming up of the water is increased by the addition of 
soda when grease is present This, if allowed to take place to 
any great extent, is liable to gi^e trouble by priming ; and 
again, on this account, a scumming apparatus or surface 
blow out should be used whenever soda is used with greasy 
water. 

The low price of soda-ash leads to its use instead of common 
soda ; but it is often sold in a very impure state, and mixed up 
with other matters whose introduction into the boiler had bette 
be avoided. 

Caustic soda is also used, but is said to have a slightly corro- 
sive action when concentrated. It removes hard sulphate of 
lime incrustations more rapidly than common soda, and should 
be employed in smaller quantities. Its use should always be 
accompanied with frequent blowing oS, 

Potash, or carbonate of potassa, acts with salts of lime and 
magnesia nearly in the same manner as common soda. Carbo- 
nate of ammonia acts similarly on lime salts, but does not pre- 
cipitate magnesia. 

Chloride of barium or muriate of baryta decomposes sulphate 
of lime, forming sulphate of baryta, which is precipitated. The 
ohloride of calcium or muriate of lime left behind is very solu- 
ble, but when allowed to become concentrated is liable to lead 
to corrosion. 

The above, and many other chemical compounds, have be^^ 
recommended for the prevention of incrustation, but as none of 
them can compare, commercially speaking, with soda, they are 
not likely to be much used. 

Catechu, nutgalls, and other astringents containing tannic 
acid, have been found effective in preventing and removing in- 
crustation. The tannic acid decomposes the lime salt», and 
forms tannate of lime, which is insoluble at first, and forms a 
Boum which should be removed by surface blowing off. The 
remaining soluble constituents should also be blown off fre- 
quently, as their concentration is liable to tell severely on the 
iron unless the acids be neutralised by suf&oieut alkaline sub- 
stances purposely introduced. Where tannic acid in found to 
act well, perhaps the best mode of supplying it is to suspend iu 
the boiler a log of oak wood with the bark on, from which the 
acid is gradually extracted. In all cases where tannic acid is 
used, its effect on the plates and tu\>Q% ^ovi^ii \^^ ^dX'^^N^^ 
wBtcbed, 



Sal-sramoniae, or muriate of ammonia. Baa also been sacoess- 
fullj used for preventiug ami remoFJiig iucriialatinDs, coniiBt- 
ing cbieSf of cnrbonatea of lime and magnesia. Tbe chloriaa 
coiitaiued in it forms with tlie liuie cliloTiJe of lime, vhich is 
Bolubla, and can be got rid of by blowing off. The remaiuing 
compoond, namely, carbonate of ammonia, is soluble, and also 
volatile, and may pass off with the sttam ; but nhen it beoomel 
concentrated, it attacks the plates and brajoworlc about the 
boiler, and on this account th« use of sal-ammoniac ia said, ia 
many cases, to have beeu abandoned. 

For removing incrustation already formed, hydrocblorio or 
muriatic acid has been recommended. It is usual to introdace 
it before the boiler is cooled down previous to cleaning. It 
■lissolvea the deposits of carbonates of lime and magnesia, fona- 
ing the soluble chlorides of lime and magnesium, which pus 
away with the wiiter on emptying, or being in a state of alDdgf) 
can be readily washed or swept out. Culess used with very 
great care this acid is very liable to attack the plates and tubes 
Bflrioualy, and on this account its eroploymeut cannot be reoom- 
mended. Arsenical and other compounds have also been re- 
commended and used in a timitud degree. One importaul 
circumstance in connection wit!h the employment of these sub- 
Etances should be noticed. Ou account of the expense attend- 
ing their use it is too often recommended not to blow out the 
water from the boiler for a length of time, during which the 
boiler is working, in order to get the utmost benefit from tiia 
ingredients. The effect of this ia to thicken the water to sueh a 
degree by the conce titration of solid matteis as to endanger the 
safety of the boiler from overh«atiug. 

It frequently happens that there is a choice of two waten 
for feeding the boUer ; the one a spring or brook, contiuniog 
ingredients that form, a hard incrufltatioo, the other a surface 
water containing peatly or other acid substances, which act 
iujuriously on the pktex, but at the aame time dissolve tiw 
calcareoua matters deposited by the first. In auch caaea it it 
found of great advantage to play one water off agmtat the 
other, the hard water being naed tirst to protect the plates, md 
the other afterwards to remova the incrustation formed. 

The nse of chemical substances for preventing and removing 

scale by rendering it aoliible is most required in boilers inacoes- 

wWe for band cleaning, or for the aolutiou of large fragments of 

Kcaie that hove been looBene>\ or il>Aac\iai t^ a^-inVt. \.\ii4, «4 

Xiecbuiuoailj ; and aa aooh ^iiaia cmbkA^hs 'B'^ 



tntemblly, the greBter care is necessary not to introduce (ray- 
thing into them that is liable to injure the plates. 

3. The aubslancea iiaed to act mechanically in preventing 
and removing incrustation by decreasijig the cohesiou and nd- 
hesioQ of the deposited particles, are even more numerous thau 
those employed to act chemically in decomposing and dissolving 
the solid ntattera. In face it is difficult to mentioa any commou 
commodity that has not been employed to prevent iucruBtation 
in one way or the other, although tbe mannsT iu which different 
substances may act is often not understood by those who emplojr 
them. 

The substances that act mechajiically may be divided into tn'O 
classes, namely, first, those that envelop the precipitated Holil 
particles in a glutinous or slimy coating, which prevents tbuir 
adherence to each other, and to the plates and tubes ; ftnd, 
secondly, those that act by diffusion among the particles, so as to 
prevent their cohesion by iuti^rpohitiou. Belonging to the tirst 
oloss are such articles as Irish moss and some otbcr species of 
marine nigffi, potatoes, tallow, oil, starch, liiiseud, sugar, 
molaBses, steariue, gum, dextrine, and a host of similur iu- 
gredbuts. Flitches of spoiled bacon liave been cut up und put 
inddu boilers, bones and all. In a few instancos whole dead 
carcases of pigs, dogs, rabbits, and other animals, have been 
introduced, nith the object of boiliug the fatty matters oat of 
them. The dauger of using sai:h expedients as those last 
enumerated need not be dwelt upon. However well the use of 
greasy Enbataiicea may have been found to anewor in individual 
cases, it has nevertheless been the cause of an immense amonnt 
of trouble. It has already beeu pointed out that grease is a source 
uf danger in a boiler, and on no account should it be used, 
especially when the feed water contains carbonates of lime and 
mi^nesio. The majority of the above substances are largely used 
in different countries ; and the benefit resulting from their em- 
ployment in many cases cannot be disputed. But the common 
practice of introducing lumps ot tallow and other substances 
cannot be too strongly condemned. The tallow of commeroa 
varies considerably in its nabire, and in its behaviour inside a 
bailer. It is usually assumed that it melts immediately the 
water becomes hot, but thtre are numerous instances of largo 
pieces of unmelted tallow having been found inside a boilei 
after working for two months at 4(1 lbs. pressure or more. In 
some cases tbe talJow seems to change its naWte ott^iwuimat^ar 
' bjr tbe gtoaui. It sometimeacombmoa'H'tl^'iW^^ 
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m&ttere, and toTsna tuto biiibII round bftlls, by being rolled about 
the boiler boltom. TLese nre euBily rwinoved when the botlet 
is oleuiitd out, but ara liable to cuiise trouble if they l-iAge on 
the furuaoe pliitea. The tallow uppeara to oombiae with the 
lime Baits, forming an iiiBolabl» soap, which will rBiuaiD for 
any leiigth of tiuio uualtureil in the boiler. The introdaction 
into a boiler of some of the glutinous substauces meutioued hia 
BoineUmes a wonderful effect iu dutacbiug large pieces of imruH- 
tAtioa that can only be likened to flags. The greasy matiei 
tOHinuates itself in au irresistible and curious manner betWMn 
the Liyers of scale and the plataa, and the variations of tem- 
perature or a fair blows with a haromer complete the detach- 
ment. Some of the more viddd Bubstancea act better than oil 
in this respect ; tbey appear more searching and tanaoiou!!. 

Belonging to the second cIiudi are clay and similar substanoes, 
which are mixed with water and introduced along with the feed. 
Miting intimately with the other solid partiolea tut they beoome 
diaengaged, the clay prevents their cohesion. This action i^ 
however, by no means oertaiti, and it is obvious that tbis ex- 
pedient only adds to tile solid mattars held iti suspeNBiou, whioli 
too often find their way to the engine cylinder, and are very 
liable to settle upon the furni^ce plates when the damper in 
dosed and the boiler is quiet at meal times and over night 
Experience has proved the disadvantage of this method, and it 
is now but very rarely employed. Colouring matters, such aa 
logwood, are found to act iu a similur m.tnner to the above in 
pieveiiting the cohesion and accretion of deposit. They are 
introduced eithisr iu the form of powder or chips. In the 
formur shape, however, the Bubstouce is likely to cause trouUa 
at the ooolis and valves. 

In order to prevent the adhesion of the depoaitsd niatterB,it 
w a common practice to smear the plates and tubes over with 
slimy or oily mixtures every time the boiler is emptied and 
cleaned. A favourite miztiire consists of tallow, blaeklead, and 
soft soap ; railway gruaae and other similar substances bang 
soiaetimes adde^i, Providt^d tbe coating of grease is thin, aud 
laid carefully on with a brush, it is for lesx objection stile than 
the introduction of grease into the boiler in large pieces, of 
eveu in a fluid state, when it is always liable to stick to tba 
plates and cause overheating. There are many cases whoa 
boilers fed with water coutaiidng sulphate of lime have bwn 

JiHjit very free from incrustation wKen "iJiB aniiira%ai\t.(^«\aj:ntlf 

md eAreiuHf carried ouk 
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There is yet another way in which foreign particles abided to 
the feed water, and which have no tendeucy to cohere or con- 
i?iOuierate, act in preventiug the hardening of the incrastatiou 
on the plates. They form nuclei, round which the particlei^ of 
lime and other salts collect before they subeide. These ceiitre3 
of deposit do not readily agglomerate, and can be easily removed 
by washing out. Sand, and sawdust of different kinds of wood, 
but principally mahogany, have been used with this object. 
The great objection to this method in some cases is the liability 
of the small foreign substances to be carried over into tlie 
cylinders, and there cause trouble ; and the employment of 
sadli a substance as sawdust is not conducive to safety and con- 
venience in working the taps and valves about the boiler. 

A great number of the proprietary anti-incrustation compo- 
sitions act mechanically, others depend upon a chemical action 
for their alleged efficiency, whilst a few aim at supplying both 
modes of action for the prevention and removal of incru.statioii. 
These compositions are often sold as being efficacious with all 
kinds of water. The possession of any such efficacy is scarcely 
worthy of emphatic denial A composition that may act bene- 
ficially in one kind of boiler, and with a certain water, may 
prove actually dangerous when used under different conditions 
of boiler arrangement and water. The remark may be here 
repeated, that with a view to prevent wasting any of the 
composition, often purchased at an exorbititnt price, a recom- 
mendation is firequently given not to blow off the boiler for some 
time, perhaps a week, after the composition is introduced, in 
order that it may be used to the greatest advantage. This 
advice should never be followed, as the bottling up of a boiler 
for a length of time, and thereby concentrating a large quantity 
of carbonates of lime or magnesia, in combination with greasy 
or glutinous matters, is atteuded with great risk of overheating. 
There is also another consideration which should not be over- 
looked : the purchase of these nostrums has often an indirect 
tendency to make matters worse rather than to improve tbeuL, 
for their certain efficacy is so highly lauded by the vendors that 
the boiler attendants think they have nothing else to do than 
introduce the composition according to directions, and spare 
themselves all further trouble of carefully removing the scale 
by chipping or washing out when the boiler is periodically 
emptied. The result of this is annoyance, expense, and actual 
danger. Instances may be cited where ViSne '^\vt^^a£A q\ ^ ^<^- 
knowB aati'incraatSLiioii compound to \Xift cxJwviV ^1 ^<i»a\:^ 
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£300 psT annum has ouly reBulted in Khorteaing the life of tha 
purchuers' boilere by 50 per cent. 

4, Besides the bottom And surfiice blow-out appsratus 
plan hu also been tried of suspendiag in tbe boiler iudependent 
veBsels of various descripUonB, blocks of wood, pieces of sheet 
iron, and other suitabte cootrivanceB for the iteposit to settle 
upon instead of upon the plates. Thege cau be token out of 
tbe boiler and the scale removed b; hammeriug, or cracked off 
hj sudden expansion and contraction. This principle la mMt 
fully oorried out in the method, which has been to some extent 
adopted, of lining the boiler shell with a series of short length* 
of plate, which are kept a few inches distant from the boiler by 
suitable distance pieces, fomung, in fact, a duplicuto bottan 
and aides, which tenninute a fatr inches below tbe water le¥«L 
By this meaim the passage for the escaping ateam particles and 
ascending current of water is contracteii, and tbe rapidity of the 
circulation increased in proportion. The solid mftttera carried 
hj the circulation over the top of the plate are deposited o 
iuside liuioji;, where the water is comparatively quiet, whenee 
they are removed bodily with the luugtlu of plate through tke 
manhole. It is obvious that this plan is most applicable to 
plain cylindrical boilers. The objection to it appear? to b 
difficulty it oSers to cleaning and examining the boiler plates 
when the casing becomes too thickly coated with a hard iiicraG~ 
tstioQ to admit of ready removal and replacing, which it will 
inevitably do in course of time, with very bad faed water, unlua 
care be taken that the boiler is not cooled down rapidly 
previous to emptying for cleaning. So long as the boiler 
is gradaaily cooled and emptied cold much of the depout 
will remain soft, in which atate it would also be found, \ 
least to a great eitout, under the same conditions without the 

6. The prevention of the deposition of the solid matten 
where they would prove troublesome, is effected by improving 
the circulation of the water either locally or throughout tiie 
boiler by the method last noticed, and other similar devices, W 
well as by the addition of water tubes ia Cornish and Lanes' 
shire boilers. There are several patented arrangements cf 
tubes for improving the circulation and increo.'ing the amount 
of heating surface in boilers of limited size, nhioh are said to 
remain free from scnle by virtue of the cirt'ulation maintained 
within them. This is true wit^v movW^AAA-j ^ood water,. ■ 
where they ate Wtll attuuAidi to, W' ■«"iXii^Bi^\nui.^sK^-«^ 



wid ordinarj attention most kiuds of " improved circnl&tidn" 

tobea will be found to give trouble. 

6. The employment of eKtemal collecting remeb in which 
the calcareous and otbt^r m&tterB are deposited prerioni to tho 
entrance of the wn.ter iuto the boiler baa long beea in vogae a» 
a preventive of incrustation. Tbe carbonate of lime may be 
precipitated in cloite or open vessels or in pipes, bj the applica- 
tion of the wnate heat from the boiler, or by beating the water 
vith the exhaust steam. In order to throw down auj oon- 
uderable quantity of fulpbate of lime, the water must be very 
highly heated, and pipes placed in the fine may be employed. 
It is evident that this is only removing the annoyance one 
degree, as the incrustation which forms in tbe secondary vessels 
in its turn requires removal. It is on this account that this 
mode of puriQaLtion it not more extensively O'lopt^d. It miut, 
hoirever, be UTgrd in favour of this system that when the cal- 
careoaa matters are extracted in sufficient quuntitiea to keep the 
boiler in a satisfactory condition, tbe dauger from overheating 
thoidd be removed. 

Dr. Clark's well-known process of purification comes under 
Ihia head. InEtead of applying heat, this method consists in 
adding' a measured quantity of lime in solution to the water 
containing bicarbonate of lime. The added lime combines 
readily with the carbonic acid, and the r<:aulting carbonate of 
lime is precipitated along with the diseuijaged carbonate vhicb 

u held in solution as a bicarbonate. 
When the water contains also sulphate of lime, this may be 

ibaequently precipitated by tbe addition of soda salts. Indeeii, 
both the lime salts could ba precipitated in a single process by 
a Holotion of carbonate of soda, but the double process would 
probably prove leas ooatly in the long ran. lu these chemical 
proosMCB the water should be analysed, aud the proper amount 
of lime or soda to be added determiued by actual test. Where 
the quantity of lime salts varies cousiderably at different times, 
theae ohemicitl processes are scOircely applicable, in consequence 
of the number of tests necessitated to arrive at the proper 
quantity of lime water to be added, Clark's process has been 
employed to some extent with success, but it appeata too deli- 
cate in its application to come into general -use. When com- 
pletely carried out, tbe puriSed water requires filtering, and tbi'4 
necessitates tbe employment of two or three hepiirate tanks, and 
an amount of attnutioij which Ih nut e».-ii\j oViV.AueA. \\,w,-^^ 
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unfit for use that this Kysteiu is employed. The space oeoapieJ 
hj the exterual cuUectiiig voBauta and tbuir addilioual weigbti 
renders the pku inailmiiHible in man; casus. It laay be le- 
loarkeil that many of Ibe anti-iucruHtHiioD cooiponiK.' 
upplkd with more advautnge and leBS dauger iu external purif;- 
iug vesaels than in the boilere. 

7. In those caaea where the fei-d water bohU much foreign 
matter iu suspenition, uauall; iu the form of sand or clay, it 
ia adviiuble to retort to filtration, by f<ui ' 
warh through a seriei of layers of pebblea, bones, or othn 
auitablB materials. These, in their turn, recjuire frequent 
cleaning, whith is usuniiy best effected by turning i 
citrreut of bteam or hot water through them as often as fonud 
necoHEury. 

8. The system of surface condensation, found eo effii;HcioiM 
with sail water in seu-coiug steamers, has made reniarkahlf 
little progress iu its appliiation to land boilers aud cundemung 
engines. 

This Hystem contists in passing the steam from the cylindsn 
in one direction over the internal or external aurfaoa of a nupi- 
ber of tubes, where it is condensed by contact with the surfas^ 
cooled by a stream of water (or, more rarely, by a current tT 
air) padsing eontiuunlly in the other direction and on tt< 
otbtr side of the tubes. The condensed steam is thus tm* 
dered cnpsble of btiug used continuously over and over agafl 
in tbe boiler. There can be no doubt that this method otnU 
be applied with advantage in using many descriptions of mM 
acidulateil, or impregnated nith salts that caube trouble in tin 

It has been found that very pure or distillec! water m 
injnriouxly on the plates, anil in moet coses whore surface « 
dentation is u.sed it is advisable to allow the intersul sui&n 
of the [lUtea and tubes to become oovered with a very ll 
coating of incrustation, iu order to protect them from t 
corrosive action of the water. This ooating, iu some coaeS) 
will be found necespary to renew from time to time by wd 
a certain quimtity of water containing lime salts, which it n 
be uBce.-siiry to supply artificially. 

In aonie surface coudeus«T8 the side of the tubes in et 

tact with the steam is found to become coated and dogp 

with grease. Tliia cau be best removed by waihlng witil S 

aqaeouB solution of eoila or poVwi^. ^ 

Ja aaiog tea. water for iswUtia ooniBftiaiiuia lui \i«^ 
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the incrustation, Althougli frequently emplofed, is to ondc 
it off by suddBolj coutractiiig or expnuding tha plates or 
tbe inoruatatioQ itself. The contraction is effected by lod* 
(leuly letting into tba boiler, after blowing off with the ateftu 
up, a Tolame of cold water, or opening wide the funuw 
iloois, chimney damper, and entrancea to the flues as soon U 
the fire is drawn. This in often found to brin^ the Bcale a2 
ill large fiagments, or so to loosen it that it falls off durillg 
the Hubsequent working of the boiler, if it does not reodilf 
Admit of being immedintely hammered or wedged off. Tha 
consequences likely to arise from this reckless practice tkie too 
obvioUH to require special comment, suflice it to remark that it 
has directly caused the destruction of many a boiler, and indi- 
reotly the loss of mnny a life. It is an expedient too often re- 
Rorted to by attendants who have an interest in showing tlii 
apparent efficacy of many wortbleas boiler incruBtatiou remeiliea 
. Unacrupuloua vendors of compOBitions and other alleged meUwIa 
of removing incrustation have been known to bribe bdlff 
attendants, who, in order to convince their employers of (bs 
alleged benefit arising from tbe use of the vaunted uoatnuDi 
are compelled to have recourse to the reckless measure in 

The removal of scale by expauaiou is aHected by cooling 
the boiler down, either suddenly or gradually, aud allowisgit 
to stand until quite cold, wheu steam superheated, or as hot 
u it can be procured, is let suddenly into the doEed-up 
boiler. This has the effect of causing the incrostation to ex- 
pand more rapidly than the underlying plates, when it brM^t 
and falls off, or loosens itn hold auflicieDtly to admit of being 
easily removed by manual labour. Tliis c:xpfdient Is only I 
sometimes successful, but is always attended with a risk of I 
starting the neams and joints, and so causing injury to tha I 
boiler. Its use cannot therefore be recommended. It hM 
often been tried and failed, especially when the outude of Uia 
boiler is still warm, and the incrustation is covered with J 
moisture, which prevents the sudden effect of the steam when 1 
it is required. 

11. Attempts have been made at various times to preffflt 
the formation of scale, and to remove it when already fomicd, 
by magnetism. The manner in which the electric current is 
induced in some of the su-oalled magnets that have been eitt- 
plojed ie bj no means c\Qftv, ».ul vu some instances tbe pro- 
duction of any electric acliuu u -moxo 'l'&ui Qa^xSi^ 'EMI 
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tven snpposiiig a current to be produced by the disturbance of 
ihe electric equilibrium, in the disengagement and discharging 
xf the steam, the whole electric force, even when conceutrated, 
B probably so small in amount under the unfavourable con- 
litions found in a boiler, as to be of no practical importance. 

Again, the manner of action of the electric current in pre- 
renting the deposit &om forming or hardening is not known. 
VHiether a vibration of the plates and tubes is caused, or 
rhether they are made to expand and contract continuously, in 
mch a manner as to loosen the scale and prevent its adherence, 
is by no means dear, and it is certain that any such actions 
oonld only prove detrimental to the boiler. 

The employment of electricity as an anti-incrustative agent 
is almost abandoned at the present day, but we may shortly 
aipect a revival of it in one form or another. 

That this means of removing scale has been stated to be 
luccesaful on what should be good authority there can be no 
lonbt. But in more than one case it has been fouud that 
old and not electricity was the agent to which the incrustation 
ielded. Any unscrupulous boiler attendant, by suddenly 
ooling the plates when emptying the boiler, can produce 
SBults which he can ascribe to the efficacy of any kind of 
nti-incrustator it may be to his interest to extol. 

12. The simplest, and at the same time the most neglected, 
lethod of preventing and removing incrustation, is to allow 
lie boiler to cool as gradually as possible, and to stand with 
be cold water in for a few days before emptying, which should 
e done frequently. By this means, which, however, in most 
ases requires the use of a spare boiler, the deposits are saved 
rom being baked hard and fast to the plates, and the sulphate 
f lime already indurated has an opportunity of redissolving in 
he cold water, and on emptying a boiler with moderately bad 
rater, a much greater amount of silt, mud or sludge will be 
Dund all over the inside below the water line than when the 
loiler is blown out with steam up. 

Now, the difficulty of getting men to undertake the unplea- 
ant job of wallowing amongst this wet mud in the attempt to 
>rush it out of some kinds of boilers is the principal objection 
he advocates of this plan have to contend against. The labour 
»u, however, be much shortened by washing out the sludge 
vith a hose pipe when a head of water ia OiVailaJQ^fik 'BQ>^L^\^^ 
>f this siinple method, and the use of a amvlV Q^\x«Ai\A.\>^ ^i ^i^A^^ 
ire been relieved from the evil of thioVL \uoi\»\i»iCvi\i ^iv.*^^ '^'^^ 
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failare of many ezpennve Ixnler compositions. Against this 
method it is sometimes urged that the bottom blow-out pipes 
become choked up unlesK the boiler contents are emptied whik 
there is still a considerable pressure after the fires are drawn. 
This objection always proves a defect in the arrangement or 
attention to the blow-out apparatus rather than any defect 
involved in the principle recommended. When it is required 
to cool a boiler down rapidly, it will be found best to run in 
cold water at the same rate as the hot water is discharged. 
By this means the cooling is effected rapidly, but gradually and 
uniformly. 



CHAPTER IX. 

WEAR AND TEAR. 

From the hour a boiler is set to work it is acted upon by 
destroying forces more or less severe and uncontrollable in their 
^ork of deterioration. These forces may be distinguished as 
chemical and mechanical. In most cases they operate inde- 
pendently, yet they are frequently found acting conjointly in 
(^tinging about the destruction of the boiler, which wiJl be more 
>r less rapid according to circumstances often difficult to detect 
^ fix upon with certainty. 

Corrosion, internal and external, but more especially the 
atter, is the malady that most boilers are liable to suffer from. 

Internal corrosion presents itself in various forms, each 
laving a character of its own, but only sometimes strongly 
barked. These are usually designated as — 1, uniform corro- 
ion or wasting ; 2, pitting or honeycombing ; and 3, grooving. 
[!he first mentioned is the effect of the chemical action of the 
Ibed water or substances introduced into the boiler ; the second 
B also due to chemical agents, assisted, as held by many, by 
ralvanic action ; the third is due to chemical and mechanical 
tction combined. 

By uniform corrosion is meant that description of wasting 
»f the plates or tubes, where the water corrodes them, in a 
nore or lees uniform and even manner, in patches of consi- 
ierable extent, and where there is usually no well-defined line 
between the corroded part and the sound plate. Although 
eldom so uniform in its effects as ordinary rusting, this coiTOsiou 
ret approaches it in its character and effects. The presence of 
bis as well as of the other kinds of corrosion is generally not 
lifficult to detect. Even when covered with a considerable 
Mckness of incrustation its presence is often revealed on 
emptying the boiler by the " Weedttigf," or red streaks, where 
he »ca]e is cracked. But in some oaseti) dven "^V^t^ VXi^ ^^^*^ 
!v £ve £rom incrmtiktioa, uniform ootlo&Iou, Va co\i»fcQ^<i^^^ ^ 



its even anr&ce and the abaeace of nny welI'deSnod limit to iU 
extent, may readily escape detection. Often, trhoa actually 
diaooTered to exist, the depth to which it has penetrated eu 
ouly be ascertained bj drilling holes through the plate and 
measuring the aruount of material remaiuiug. With lap juint* 
the thickness remaining at the edge of the plate and round the 
rivet heads may serve as a guide to the amount of wasting ; bat 
this may prove truai^herous, since the adjacent plates may both 
be corroded to an equal extent along with the rivet heMls, 
which will give the edge of the plate the appouraiice of having 
the original thickness. 

One of the most rerawkable circnmstanceB in connection irith 
all kinds of corrosion is the nppareutly ciiprioioua mannt 
which it makes its appearance. For example, iu two bo 
alike iu every respect, fed with the same water, and subject to 
the same treatment, one may be found attu^ked at the foint ei 
and at mid-height, whilst the other may be alfected only on tlie 
bottom at the t)ack end. In such ciises there can be little 
doubt that the difierence in the quality of the plates for n 
sifiting the corrosion has much, to do with the apparent caprice 
of the acids in the water. The water from some wells and 
mines, and from certain canals and streams, attacks the plates 
violently only at the water line, whilst throughout the tsit (rf 
the boiler tbe plates are oomparativelj or absolutely unhanned, 
In Bome iustancos this is very marked, t]i« injury done to hori- 
zontal boilers being confined to a belt of about G inches ix 
8 inches at the water level, and in long vertical boders to a b" 
of about 24 inches, accordiug to the range of the water level 
The boilers in some distriots are attacked by surface and well 
water only on the bottom, whilst iu neighbouring districts the 
tubes are attacked more than the shell, or vice versd. In one 
cose the corrosion is chiefly coiiQued to the bottom of the fur- 
I tube, in another it is limited to the narrow water spaces 
ftt each side of the tubes in Lancashire and similar kiuda of 
boilers. The water in xome localities, whilst but slightly a( 
upon the body of the plates, attacks ihe rivet heads or edges of 
the plates and angle irons. Sometimes it happens that it ia 
mainly the transverse seam rivet beads oud plate edges that al 
attacked, somt^times the longitudinal seams ; out of 100 riveta 
10 may be Eeriuusly aS'ucted whihtt the rest remain aound ; 
the outer courses of platvs on the bottom are affected more til 
ibo iaaer coursea. The ataya are otVen im lasito iw^Cft^ -^nal 
I tbau the plateg. A Bcrewed Vio.-^ Vi.\\ \»^vJ«a'Cq *'^ ii^ 
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tlie thread whilst the unbroken or tamed snrface will escape. 
In &ct, it is almost impossible to conceive any vagary the acid 
in the water could commit, examples of which are not to be met 
with. This apparently capricious action of the corrosive agents 
il to be ascribed to their gravity, to their concentration in 
eertain parts of the boiler, to their action being increased where 
the temperature of the plates is highest or lowest, to the circu- 
ktion of the water, to the nature of the iron, and to other 
iDore hidden causes. 

With the feed water from one supply only, corrosion is found 
more often under an incrustation of sulphate of lime than under 
one consisting chiefly of carbonate of lime. In many boilers fed 
irith water containing the former salt a coating of oxide of iron 
of a black colour may be found adhering to the detached scale, 
which as often as it re-forms and is broken off brings with it a 
fresh film of oxide. 

Another peculiarity worthy of notice is the different manner 
in which the plates and rivet heads behave with differ^t kinds 
of waters after the wasting has been going on for some time. 
In most cases the corroded iron is readily removed, if it does 
Hot oome off without means being taken to detach it But 
caiOB are to be met with where the corroded iron adheres tena- 
eiously to the sound plate beneath. In such cases considerable 
force is required to remove it, and the presence of the corrosion 
ia not suspected until the hammer or pick is forcibly applied. 

It is the opinion of many that the presence of a small pro- 
portion of carbon in steel will preserve it in a great measure 
from the wasting effect of bad feed waters. No doubt it does 
■o almost totally with some waters, but with others it appears 
to have the opposite effect. 

Unlike ordinary internal corrosion, the extent of the effects 
of pitting and honeycombing are well marked by the sharply 
defined edges they present. The term honeycombing is most 
aptly applied when the plates are indented by very small holes 
close together. Pitting may be defined as confluent honey- 
combing, and is found in holes and patches varying from 
i inch to 12 inches diameter, and assumes most irregular forms. 
The depth of the cavities varies from -^^^ to ^ inch or more. 
This form of corrosion is certainly most capricious in its attacks. 
It may be found on every plate of a boiler in contact with the 
water, and sometimes in the steam spaces and domes ; or it may 
be found only on a angle plate either a\}Ove ox \>^<vw \^^ ^^^i^^. 
line; wkilat the remainder bear ao traceii oi ooittoiSknfii^V^^^^^* 
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d from the Mine water tantn and worked under noiiltT 
1 are aonietllnes fouu'l pitted ia atraDgely dUferent 
Out of half frdozeii boilers made of pluteaof the 
brand, and worked Bide by aide, one maj be found so sav 
pitted as to require the reoewul of one or more pUtea, wUld 
the other five boilers remain not at all or scarcely affected. 

The mjKterioiis manner iu whieh pitting £0 often occura, and 
it« peculiar character, have not yet been altogether eaUxfacCoiilf 
explained. It was once commonly aacribed to voltaio i 
between the iron plates and the brass tubes when found iu loeo- 
motive boilers, but this theory waft found to break down 
the BBme pitting was fouud in aimilar boilers with iron tub«^ 
and having neither copp«r nor brass near the portion afiectad. 
It waa then advanced that the voltaic aation took place between 
the different qiulities of the scraps coinposing the plates, which 
are understood to ei;hibit different electric conditions, tb« 
eleotro- positive metal of the battery acting on the chemickl 
solutions in the water, and becoming decomposed. Then it 
WHS advanced by the aupjxirters of tliis theory that pitting 
would not occur with an electro -homogeneous metal SMcb as CMt 
steel, since the third element would be wanting. But cast-steal 
plates have been found to suffer from pitting as much as Iron, 
and even more with some waters ; yet with other waters whtdi 
severely attack wrought iron ateel is found not to suffer i 
least. The pitting of cast steel either proves that it is not tbi 
electro-homoganeouB metal it was auppoBed to be, or that Ilia 
pitting of boiler plates is not due to galvanic action, unleaa tb« 
elactro-Jiegative element, as well as the exciting ageni^ bl 
present in the watar. The Bharpness of the edges of the cavitua 
ia stated to be increased as the inteutdty of the voltaii: 
action increases. 

After all th^t has been said and written on this qnsatjon it 
wonld seem that the phenomenon of pitting can in moat esses 1m 
just as aatiefactorily i^zplsined as being the result of sim^ 
cbemic^ action without the aid of galvanism. 

The coucentn.ted acidH of the water will attack the tmrt 
innceptible portions of the plates. Whether the plates in thi 
steam apace are attacked or not will depend upon the Datura of 
the acids, whether they are volatile or not, or whether the liqnid 
aci>l is carried into the steam space by priming. 

g of the insiiie of locomotive firebox shell plataa 
roand the copper stays in v,*'**™>'^4 eatio'STi'io-^oUiuciuitioii, Is 
I wAat degree thia may be t\iB acWii t&wne liSBUtA '"^■^^^■«^|^g 
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mined, but there can be no doubt that the wasting of the 
plateJB round the holeB is in great measure dae to the injury 
sustained in punching, which renders the iron more susceptible 
to the action of the water. Drilling instead of punchiug the 
stay holes has been attended in some cases with good results, 
enabling the plate to hold out much longer against the wasting 
effect of the water. 

The rapid local wasting of locomotive firebox stays where they 
pass through copper plates, which often occurs when certain kinds 
of feed water are used, is perhaps the most conclusive evidence 
of the presence of galvanic action. | inch bolts become re- 
dnoed in a few years to half their original diameter inside the 
hole, whilst the thread in the copper plate remains perfect, and 
the bolt is not affected by corrosion about an inch from the 
eopper plate. The wasting often commences first at the stays, 
near the firebox crown, where it is probably induced by the 
bending action due to the expansion of the plates, which is 
meet severely felt at this part. 

Ab to the means to be employed for preventing internal cor- 
rosion, the surest is obviously to abandon the use of water 
which has a corrosive effect upon the plates. At mines where 
the bad feed water is drawn from the ground it can sometimes 
be replaced by surface water more free from acids, and in cities, 
when the well water is found to injure the boiler, it can 
generally be replaced by the town supply of a better quality. 
There are, however, cases where the expense of using towns' 
water is so great that it is found more economical to employ 
oorroeiye well water, and lay down a new boiler every five or 
six years. This practice is however attended with great risk, 
on account of the temptation to use the corroded boiler to the 
last minute of safety. 

When the water is found to affect the plates only in par- 
ticular places, as at the water level, it is well, on the score of 
economy, to introduce thicker plates in such places, and to 
arrange them so that the seams of rivets, which are the 
weakest portion, do not come within the region attacked by 
the water. There exists great prejudice against introducing 
plates of different strength into a new boiler shell, ia conse- 
quenos of the non-uniformity of strain throughout the structure 
it involves, which in many cases is already more than desirable. 
But the question arises, is there any greater disadvantage in 
having the non-aoi/ormitj of strength at \.\ie\>^^\iTi\Ti%*C&»:ci^ 
the middle of the lifo of the boiler, Biuce \^ft Vrt^^oX'KC^'^ \sl 




BOM-EitS. ^^^ 

Htrength must, under the drciini stances ne are consideriug, 
necessirily occur at oue time or another ) There appeara to ba 
flo Bound rtranon for JiaBteniug the time for repairs, b^ making 
the strength uniform at first, when it. is kuown thut it CADDot 
long oontiune bo. 

When there is no choice of feed water, the simpltBt 
method of preventing the corrosion caused bj the msjoii^ 
of waters is to neutralise the acidity bj treatmeut with 
some allialine subatanoe, either prior or Buhsequent to tbe 
introduction of the water into the boiler. This ia best doos 
by using soda, soda ash, or cauetic soda, which should be dit- 
solved and constantly introduced with the feed water, ratbar 
thou ia doses at long intervals. The quantity required iriU 
vary according to the strength and quantity of the adds in tjw 
water. It must however be remarked that when strong saUn* 
solutions are formed in the boiler, as in using salt water, tbt 
introductian of soda will he found to be an evil, and the onlr 
remedy in this case is to keep down the strength of the solatioB 
by frequent blowing off from bottom and eiirfacQ, The methods 
of filtration and surface condensation have been found to 
answer welL When comparatively pure water, such as U 
obtained by surface condensation or from the water supply of 
8omG towns, is found to act injuriously on the plates, the cor- 
rosion may be prevented by allowing an amount of impon 
water to enter the boiler sufitcient to deposit a thin layer of 
scale, which will protect the plates against the action of tbt 
more pure water. 

Grooving, channelling, or fiirrowing, as it is variously called, 
is found of two different kinds, which, however, do not alwaji 
present such distinctly marked characters as to precisely indi- 
cate the diffi'rent causes of their formation. One kind il 
caused entirely by the straining and fn^ttiug of the iron, when 
a considerable change in the direction of the stn»iu takes plaoh 
Where it is not tiided bj the corrosive action of the water, 
it may penetrate deeply into the plate or angle iron, without 
being more than -^ inch in width at the surface, 
this grooving is so fine as to appear more like a fracture, ai 
very difhcult of detection. Any acidity in the water ap[ 
to widen the grooving, by attacking the surface laid bars. 
ia most commonly found iu stationary boilera of the Coniuh 
and Lancashire types on the flat end plittes round the 
the angle iron over the tube ovowii, and more freqi 
&oat end than at tbe Wck. \\> u \k»u&.i &<i»^«A 
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oenire of the crowo, and extends on either side for a length of 
Irom 6 to 24 inches, and gradually dkappears. Sometimes the 
grooying selects the root of the angle iron or flange of the tube 
plate instead of the end plate. The choice will depend upon 
the relative power of resistance of the parts joined. These 
angle irons are usually about ^ inch thick ; and when the plate 
does not exceed -^g- inch in thickness, it is almost invariably 
chosen ; but when the plate is -^J or j inch thick, the grooving 
is often found in the angle- iron root. In like manner, when the 
famaoe-tube plate is flanged, being the weaker, it is selected, 
the grooving taking place in the comer of the flange rather 
than in the end plate. 

This grooving is caused by the too figid staying of the ends 
by gussets or other stays, and by the diflerence between tbe 
expansion of the tube crown and boiler shell. As far as the 
bridge only the furnace crown is heated by the fuel and gases, 
the bottom being kept comparatively cool by the entering cur- 
rent of air. When the flue tube beyond tbe bridge is clean, 
the whole circumference is exposed to the radiation and contact 
of hot gases ; but even in this condition it is improbable that 
the bottom receives anything like the same amount of heat 
by radiation that the top receives by contact with the flame 
which clings to the upper side. After the boiler has been at 
work a short time the bottom of the flue is maintained at a 
comparatively low temperature by the dirt that accumulates 
upon it. We may therefore consider the flue crown, under 
ordinary working conditions, as being much hotter than the 
bottom, and the greater expansion must cause a correspondingly 
greater strain at that part of the end plates to which the crown 
is attached. 

Thia longitudinal expansion is accommodated in part by the 
springing of the end plates and in part by the arching of the 
tube. That this arching takes place has been proved by 
actual test, the tube of a 30-feet long boiler having been found 
to rise fully f inch near mid length on heating the water to 
the boiling point, and without forcing the fire. Such an 
elevation of the crown is too great to be accounted for by the 
drcnmferential expansion alone. Were the longitudinal ex- 
pansion, which must take place very gradually', maintained 
at the same degree all the time the boiler is at work, it 
would not account for the grooving ; but ©verj Mvcckft N}[i^ ^«.- 
door 18 ap&aed the rush of cold air against tb^ \io\» ^<A.«*. \si\>.^ 
catue tbem to contract suddenly, aud to iVi\a Tai\A\ Q^o\i\.x\!wOA.o>v- 
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Tepeateill; takiug [jlaco, miut bo aBcribed tHe notion vUcli 
causes the fretting of the rigid end plates or angle irons, u 
the case jnay be, which results in grooving round the end] 
att.'kchment of the furnace ciown. The means for preventmgi 
it is simple. We have only to lessen the rigidity of the end 
plate, BO as not to confine the bending action to one lini. 
This may be done bj allowing a alifficient distance betneea 
the tnbe and the end-plate stays for the plate to spring freelji 
Nine inches is found siifGciEnt with J or § inch plates. 'Du] 
use of "AdaniBon" or "Bowling" hoops, which allow the tube tO; 
expand freely and reduce the strain upon the end pktea, will' 
prevent grooving to a great extent. 

The grooving ia not alnays confined to the crown, being, 
frequently met with on tba front end plates of iWcsahinj 
boilora between the tubes, when these are very close tog«thei 
and HBCured to the ends by "spectacle" pieces, the water spaca' 
being too small to admit of using angle irons. This grooving 
at the " spectacle " plate is probably iu some ueasnre due to 
the variations in the temperature of the two tubes not taking 
place sinniltaneously, which is especially the case with altemata^ 
firing. The only cure for this grooving at the mi<ldle watec 
space is the removal of the " spectacle " piece and tapering' 
down the ends of the tubes, to give increased space to allowl 
the end to spring. j 

It is but fleUlom that grooving is met with at the walMI 
spaces between the tubes and shells of Lujcaahire and othvj 
double furimoB-tube boilers. A few instances of this liaT«,l 
however, occurred. Buch coses are liable to be overlooked ii 
conROijueuco of the in accessibility of their position. Their 
preaoiico is more difficult to account for than the other cases; 
but thia side grooviug ie fouxd in conjunction with a low fire- 
grate, very thick end plata, and cramped side water spaces, 
Canes of grooving beneath the tube are extremtly rare. 

There can be no doubt that introdnciug the feed water at » 
high temperature, near the level of the tube crown, andl 
thereby improving the circulation i|.nd decreasing the ditfereooH 
iu temperature above aud below, tends to lessen tha endi 
grooving. " Galloway" boilers are not found to groove so mud^ 
bs " Lancashire " boilers, similarly stayed, probably owing to iW 
better circulation of the widter in the former. 

The trouble from gtooviuu mi4 VuaWn^ caused by tbe t 
rigiii staying of the enia oS mteiQiia^ ^^lA \«ii!«% "* 
^Mff easea, led to their abwiionmeiA. ^i*. Qiiet V 
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grooving over the tubes of Cornish and L^incashire boilers, 
many makers rashly dispense with gnsset and longitudinal 
stays, and substitute inefiQcient stiffeuing ribs of angle or T 
irons, the result being dangerous fractures through the line of 
rivet holes, or at the root of the angle iron securing the end 
plate to the shell 

Other examples of grooving, caused by the upsetting action 
near the parts affected, may be mentioned. The domes of 
locomotive boilers are sometimes found grooved internally, in a 
line opposite the edge of the angle iron attaching it to the shell. 
This is caused by the great strain thrown upon the angle iron, 
in consequence of the large quantity of the shell it is still 
too often the fashion to cut out for the dome hole. 

The shells of vertical boilers, with internal furnaces, are 
liable to internal grooving round the upper edge of the founda- 
tion ring, between the shell and tube, when the ring is not 
made of sufficient depth to resist the upsetting action caused 
by a severe downward pressure on the furnace crown. 

The curved bottoms of haystack and wagon boilers under 
pressure have also a tendency to upset the angle iron attaching 
the bottom to the shell, which results in internal grooving at 
the sides of the shell along the edge of the angle iron. 

Internal grooving is frequently found round the edge of 
the angle iron on the flat ends of plain cylindrical boilers. 
In such d^es it is caused by the insufficient stiffness in the end 
plate allowing an alternate bulging and flattening action to take 
place under varying degrees of pressure, which straius and 
frets the plates at the line of attachment^ The furrowing pro- 
duced by this action is often found at the root of the angle 
iron, instead of in the plate or iq the comer of the flange 
when the plate is bent. Grooving from this same action was a 
common cause of the failure of the old flat-botttomed and 
sided wagon and haystack boilers. It is also met with round 
the flat and cambered crowns of vertical boilers, of large domes, 
and of the vertical tube in Bastrick boilers. 

It is thus seen that grooving may be due to want of stiffness, 
as well as to an excess of stiffness under different conditions. 

The other kind of grooving alluded to at page 192 is usually 
found running parallel with and close to the edge of the plates 
in lap joints. It is much wider at the surface of the plate 
than the first-mentioned kind of grooviiv^, wid. Vi^& oSX^rsv >J^^ 
appaaiunoe of having been gouged out. It Sa C5N.>3k'eft^ xccdxx^^" 
tbe canodve Action of the water* but la mOixxcftviL \i^ *^^ ^' 
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linK and fretting of the plate at tbe line where it ii 
foimd. TliiB buckling is due to the oblique acticn of the cir- 
ciimfereiitial and longitudiiial strains at ibe juiut?, either from 
the steam pressure or from unequal eipanaion and contraction. 
At the longitudinal liip joints the buckling is aUo due in aome 
measure to the cross-ben ding action produced by the intamal 
pressure tending to force the plates into a perfectly oylindiieal 

In stationaiy boileni, ifbicb are but seldom worked at mora 
than 80 lbs. pressure, intercal grooving at the longitudinal lap 
joints ia not often met with, unless the boiler barrel deviates 
2 inches or more from the tnily cjlindrical form, yet it is some- 
times found at the lougitudiuoJ M^ams of old boilera where thej 
run in a continuous line from tnd to end. At the transverM 
lap joints of long Cornish and XAUcaabire boilers internal 
grooving frequently occuri", but not of a very decided character, 
lis presence can gujierally be traced to the difference in ex- 
pansion between the bottom and top of the shell, or between 
the flue tubes and the shell bottom. It is most msrked in 
boilers where the tirculatiou. is bail, which is especially the 
case nheii the cold feed water is introduced at the Iwttom. 

In loflomotive boilers working at 140 lbs. pressure or more, 
and where the pistes are thick in proportion to the diameter, 
internal grooving at the seaina is most frequently met with. It 
occurs at the longitudinal lap joints below the water level, prin- 
cipally at mid length of the barrel or near the smoke-boi end, 
at the ring tenms all along the boiler, and very often in the 
plale oppotiite the edge of the outside angle iron attaching the 
barrel to the smoke-box tube plute. It is most marked at the 
bottom of the barrel, and diwiuishes gradually, until it diet 
away near the centre line. 

Transverse furrowing also occurs in the body of the platei 
when they are too rigidly attached to the frame by plate atays, 
■eoured by angle irons to the boiler shelL It is found opposite 
to the edge of the plate or angle iron. 

As this description of grooving slwaya occurs at the edge of 

a plate, or opposite the edge of an angle iron in a line where 

the direction of the strain caused by the steam pressure or by 

eipansion and contraction is liable to bo changed, it suggests 

the probability of its being caused by mechauicul action, which, 

I proiliicing a bending or Bptiiigiug □( thu iglate along the liae 

ifJiera it occurs,- breaks oH the cdbAmi^ ol V&cnvAaliMja.m.iCBfc 

''^gfe^. scale of the ylaXt, it™\t, f\iMa am.'t\w(K.i»\i 
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firesh surface for the chemical action of the water. Moreover, 
as the longitudinal grooving only rarely takes place above the 
water line, and as it is found to occur with one kind of water 
and not with another, it may reasonably be concluded that it is 
chiefly due to chemical action, although induced in the first 
place by mechanical action. 

The buckling action at the longitudinal seams being caused 
by the unequal distribution of strain at the overlap, or by the 
tendency of the barrel to assume a perfectly circular form 
under pressure (which form is necessarily departed from at the 
lap joint), may be prevented by doing away with the lap joint, 
and using welded joints or butt joints with double butt strips. 
OiTy retaining the lap, the result of the chemical action may be 
prevented by keeping the longitudinal seams above the water 
level, which has been done by making the courses of plate in 
one length. The evil of longitudinal furrowing has been over- 
come by either of the above methods. In some cases, how- 
ever, where welding has been tried, it has been found that the 
plates are rapidly pitted at the weld ; and this plan had, in 
consequence, to be abandoned, unless the joints were kept 
above the water leveL 

At the transverse lap joints the buckling is caused by the 
boiler being too rigidly tied to the engine frame, and not being 
allowed to expand and contract freely, or, as it is sometimes 
called, to breathe freely. It is also aggravated by the vicious 
practice of attaching the drag apparatus directly to the boiler. 
Another cause of the buckling at the shell bottom is the strain 
thrown upon the bottom plates by the greater expansion of the 
tubes compared with the shell 

There can be little doubt that internal grooving is often in- 
duced by excessive caulking, which, by destroying the skin of 
the iron, exposes a surface for the easier attack of the corrosive 
agents in the water. On this account many engineers dis- 
countenance the practice of caulking the plates on the inside. 

External corrosion is a more frequent and more subtle destruc- 
tive agent with stationary boilers than any kind of internal ^ 
corrosion. This probably arises from the fact that its presence 
is less suspected, and is often less easily detected in consequence 
of the inaccessibility of the plates. It is therefore left to do its 
work of destruction without any attempt being made to arrest 
its progres& It is found either as uniform corrosion in lar^ 
and msaJi patches, or as grooving. 

1^0 moat frequent sources of eiLteniaA. cottaBASWi «t^ ^-iz^sssoss 



t5 the weatber, leakage from joints of plates and fittings, ilrip- 
ping from mountuigi, moisture rising from tbu groutid near the 
boiler, eitheT from the damp tiuture of tlie {jround or from tlta 
want of waato pipes to carry off the water from the blow-off 
tap, water gauges, &c., and from the carekas practice of damping 
the ashea close to tlitt iMjilcr. 

When leakage takes place at the boiler crown to any great 
extent, the whole circumfHrence of the shell being below, is 
liable to sutfer waating from it. A slight leakage from a bad 
joint may be sufficient to cause a severe local grooving at the 
neam or llange, as it oftea goea on for a length of time unpar- 
eeiveil and uuaunpected, especially when the shell ia covered by 
brickwork or other material to prevent the radintion of heat. 
Some of the compoHitiona lued for covering boUera, however, 
become Eoft, and at once betray any leaknge that may bs goiog 
on beneath. To prevent leakage at the joints of the mountings, 
they ahould alwaya be riveted and caulked to the curved plates, 
and never attached by bolts or studs. The greatest difficulty 
in making a good joint on a curved surface by the usual meant 
(jf studs or bolta and nuts ia found at the blow-out pipe attach- 
ment of ordinary factory boilers, where the joint haa to bear the 
recklesa twiating and atraiiiibg from the uae of a long lever every 
tiuie the blow-out tap is turned. In nearly all cases where the 
blow-out attachment is Dot riveted to the shell, the plate ba- 
comes rapidly wasted round thb bolted flange. 

To the injudicious practice, which still largely prevails, of 
building boilera in with a niaaa of brickwork, the greatest 
amount of deterioration from external corrosion muat be attri- 
butud. This evil acts directly in keeping auy water that may 
find its way to the boiler in contact with the platca, and also 
indirectly in preventing the deteotiou of auy wasting that may 
be going on. 

The moat glaring example of this kind is to be found in 
placing internally fired boilers on a wide midfeather or sup- 
porting wall extending along the middle of the shell nearly 
&om end to end. Any water &nm leakage or other Bouroe 
trickling dowu the shell naturally Guds its way to the bottom, 
and when it is held here in contact with the pUtes a rapid oxi- 
dation takes place. The wasting ia often promoted by the pro- 
of damp mortar, which should never be allowed to tonek 
fi(o«, iiud by cortofllve agBUta in the products of oombns' 
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such cases it is impossible to tell by ordinary examination in 
passing along the flue the condition of the plates resting on the 
brickwork. It ft*equently happens that to all appearance no 
damp is present, and the plates near the edge of the midfeather 
are in good order, yet on removing the brickwork the plates for 
a width of 6 or 8 inches at the centre all along the boiler are 
found eaten nearly through. 

With boilers of 4 feet diameter and upwards mid feathers 
should not be used. The boilers are much better placed on 
side walls with a total bearing surface of from f inch to 1 inch 
per foot of diameter. In very small boilers where side walls 
are not admissible the bearing of the midfeather need never 
exceed 3 or 4 inches in width ; and a loose brick should be left 
here and there, or at least at every ring seam, for removal to 
&cilitate examination. When there is any dampness in the 
ground beneath the boiler, it invariably travels up the brickwork 
and attacks the plates. Where the dampness cannot be re- 
moved, it is advisable to cut off the contact between the plates 
and the brickwork, by supporting the boiler on cast-iron saddles 
and a longitudinal cast-iron carrier, which need not exceed one 
inch in width, and can be taken the whole length required. 

The front cross walls of internally flred boilers are often 
made of excessive thickness, being sometimes as much as 3 feet, 
and built round and made to conceal the blow-out pipe and 
attachment, which are thus rigidly built up and rendered liable 
to break. As the boiler is supposed to rest upon the midfeather 
or side walls, the front cross wall, or at least the top of it in 
contact with the plates, need scarcely ever be more than 4 J 
inches thick, and it should always be built round behind the 
blow-out pipe attachment, which is thus placed in an open 
recess in the wall accessible for inspection, and not rendered so 
liable to fracture. Even with a 4^-inch wall there is still a 
risk of corrosion if the ground be damp, or the water from the 
blow-out tap be not led away by a waste pipe, but is allowed 
to splash back against the front cross wall, as is too often 
the case. 

When the ground is of so damp a nature, from situation or 
formation, that the moisture from it passes up the front cross 
wall, the only means of saving the boiler is to interpose loose 
plates between the wall and the shell, which become corroded 
instead of the boiler plates. 

It is a common practice to allow tli© iio^V. evA wv'^^Sx's^^ 
Comiab and Lancashire boileis to xeat ou ^^ it^v^N* «tQ.%%» -^^S^ 
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Thin hu the diaadvatitRgs of conoenliTig aiy lealtage or dofbots 

at the aiiglQ iron. Tim front wall is tlierefore batter kept clear 

of the augle iron, tliat U, the frnnt eail plitte should project 4 

or 5 iiicbcs bejonJ the w^ill. 1'he frout end plates of Lancn- 

Bhire and similar boilers are very often neveroly corroded ex- 

tsmally at the floor line by the water that always finds ita way 

here front one source or another. Tbe boiler should, therefore, 

always be arran<,'ed with the front end plate dear above the floor. 

, lu order that this may not interfere too much with the fatiility 

, of firing, the floor may often with advantage be incliiied or let 

^ down to SDtt. 

The practice of slacking the hot Bshea against the front end 
plate is a. very common source of corrosion above the floor lina 
Where there in good reiison for adopting this praotioo it will be 
advisable to protect the front plate by a suitable sheet iro 

The side wall bearings on which tnternnlly fired boilers u 
now usually supported, and to some extent eiteraallj fired 
boilers alao, are frequently made of excessive width, from IB 
to 20 iuoliea being not uncommon. Now, 3 or 4 inobes of 
bearing surface to each wall is quite aufBoient for ordinary-sized 
boilers, or as a rule from ^'' to l" of total bearing Burfiioe par 
foot diainottir of boiler. 

In order to allow the escape from the plates of any water 
floKing down the shell sidea, tbe side wall boatings should he 
made of fire lumps, as shuwii in flg. 22, rather than made after 
the old fatihion, as iu fig. 21. This last plan leaves the wuter 
no choice but to cling to the plates tu finding its lovei^t level, 
and often leads to serious corrosion. Care should always be 
taken to keep the longitudinal seams well clear of the seating 
Another indirect source of corroeiou sometimes met with is tbe 
extremely narrow space allowed at the top of the side fluea of 
many boilers. When this space is unly an inch or two wide, it 
cannot well be cleaned. The soot accumuliites and becomes 
haril, and then retains moisture in contact with the plates, 
which sooner or later may cause serious corroaiou uU along the 
r where it is seldom suspected. 

The back and front ends of eiternally fired boilera g 

unfrequeutly set in a mass of brickwork, which is apt to keep 

'n contact witli tlio |ilates. No reason for this prao- 

1 given. It is usually done through ignoranoe o 

■t of the buiJder or diattsnmu, oi St>inv •xra.\t: ui constrvictive 

diill on tba part of the btieWststtoi. NJijwo.'iiM*'**' 
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in eontaci with tlie pUietu T)u» iunmHs«>^ 
to harbour a quautitj of uioiaiur^i 
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whose d&magiDg effoots on the pUton lire plnoed beyond detec- 
tioii iuiIhss the brickwork id periodically removed. 

The plan of carrying a thick cross wall over the front ei 
internally fired boUera, and also of ooveririg the front end pUt» 
with brickwork to preveiit 1-a.diatioa, is npt to lead to WMtiiig 
kt these piirt*, and ahoulci not be adopted. 

Vurticul fumaoe boilers are sometimes found built into walla, 
and seated on a mass of brickwork, whicli rotaiii the moistars 
and lead to a rapid wasting of the plates. The practiae of 
lining with £re bricke the iutemal flne tubea of upright fiunaM 
boilers, has been found deHtruotire to the platea hy keeping tiui 
water in contact with them. When it is tiHcessary to ap[^ 
this brick lining, in order to protect the plates from orerheatiiig 
where the tube passes through the steam space, or from burning 
where the flame impinges, it is advisable not to build the brick- 
work in contact with the tube, but to preserve an auualai apace 
to allow the water from leakage and other sources to run down 
and escape. 

Corrosion is met with in the fumaoe tubes of internally fired 
boilers, beneath the heavy briitge of brickwork, so often need- 
lessly built upon the tube bottom. These bridges are as WsU 
supported, atid more easily removed, when built upon metti 
briilge carriers. 

Leakage at the riveted joints in any part of a boiler may Ik 
due to bad workmanship. W hen caulking and the insertion of 
new riveU will not cure the leakage, the holes should be care- 
fully rime-red out afresh, and larger rivets put in ; at the si 
time the edges of the plates may be dressed and recaulked. 
Too much lap is very often the cause of the difficulty in n " ' 
a tight joint, especially at the furnace plates. Now boilers ofba 
leak at the seams when set to work, after having been tested 
and found tight at the maker's. This may be due to n 
u^age iu removing the boiler and fixing it, or to tlie expanuon 
of the plates in actual work being different from that produced 
by the test. A dillVrence in the nature of the feed water h 
sometimes a remarkable efl'ect iu making boilers leak at t 
riveted joints below the water line. A boiler may be quite 
tight with one kind of water, and yet leak b^dly with anotber 
kind. When this is the case, it is generally found that a oom- 
paratively pure water has been changed for brackish water, or 
one coutaiiang much carbona-te of lime, the use of which ii 
atteudtid with n higher ■tempeiB.tvwa at ttw fucnace and fltw 
piate», and cousequDUtly & gtea,^et Aooti e^'^a^^o. 
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often produced at the furnace and 6ue seams of many boilers 
by getting up steam too quickly. The leakage in this caHe is 
chiefly due to the unequal expansion of the material, one part 
of the boiler being hot whilst the rest remains cool. Leakage 
from this cause is most common in boilers having a bad circu- 
lation. 

Leakage at the ring seams, especially of externally fired 
boilers, is very often caused by delivering the cold feed water 
right on to the hot plates ; sometimes the feed pipe delivers 
right on to a seam. It has more than once been questioued by 
those who will not be advised to introduce the feed in a proper 
manner, whether the iutroduction of the cold feed water down- 
wards through a vertical pipe, the end of which is some 24 
inches above the plates, can have any effect in suddenly con- 
tracting them. This, of course, will depend upon the force 
with which the water is injected. In cases where a range of 
half a dozen or more boilers is supplied by a donkey pump suffi- 
cient to feed all at once, there can be little doubt that when 
only one boiler is being fed at a time the water will be itijected 
with sufficient force to reach the plates even more than 24 inches 
below the end of the pipe, without having much heat imparted 
to it in its downward course through the hot water in the boiler. 
In such cases the fracture of the plates beneath the pipe is not 
an unusual occurrence. 

One of the most common causes of leakage all along the 
under side of boilers, and also at the tube plates, is the reckle^ss 
practice of emptying the boiler while still hot, and filling it with 
cold water, at the same time leaving the damper wide open and 
removing the flue doors, in order to cool the boiler rapidly for 
cleaning. The sudden contraction of the furnace and flue plates 
thus produced has been the ruin of hundreds of boilers. The 
equal contraction of the bottom plates of externally fired boilers 
is sometimes resisted by the plate edges or suspending brackets 
butting against the solid masonry : fracture in these cases is the 
common result. 

Internally fired tubular boilers, without external flues, and 
usually made with a cluster of small tubes at the back end, are 
invariably found to corrode and groove externally along the 
shell bottom at the ring seams, in consequence of the leakage 
caused by the unequal expansion of the top and bottom of the 
boiler, and also of the flue tubes and the shell. This inequality 
is due in great measure to defective circulation, and to the 
waavoidable difference in temperatuie b^tv^^^iL M^i<^ \s^\.w<^^i::^<(a^ 
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and shell crown on the one hand and the sh»U toi 
other. The best uid perbnpa ouly msHnit of pruvntiting this 
leaking aiid grouving la to apply estemal fines li-'aJiiig ihti gase) 
firnt under the boiler bottom before eutt^riug the aids flues, i 
to allow RODie spriug in the end plate. 

Boilers of the looomotive olaia are irithout external fl;ies, t 
yet iln not iisiiaUy leak at the hottom when the chell is free to 
expand. The reason of this is that the circulation is favoured 
by the construction of this class of boiler, which adoiita of the 
tlllHiS being brought near the shell bottom ; at the s 
the water aC the lowest part of the boiler — the fii 
heated. Any severe leakage at the transverse seams of loco- 
motive boilers can geoerally be traced to the interference of tha 
end coiitiaction and expansi^a by some of the barbarous style* 
of staying the boiler to the frames, which, uufortunately, to 
Bome extent ttill exist. 

The strain along the bottom of long Comiah and Lancashire 
boilers produced by the eipansion of the bottom compared with 
the top, and the still greater expauaioii of tlie through tabe*, 
sometimes results in fracture at the riug ae:ims, and very fre- 
quently leads to leaka'^e, which has the effect of grooving the 
bottom plates in a characteristic manner at the edges 
transverse seams. The rapidity with which this grooving oooon, 
and othuT evidences of the intenaity of the chemical a 
only be accounted for by the presence of some strong add, and 
there can he little doubt that the sulphurous and other acidt 
from the coal are the princi[ml elements of destruction. Water 
is considered capable of ab^orhing 30 times its volooie of sal- 
phuroua acid ; and when this acid is given off abundantly by 
coals coutaiuiug pyrites, the ntpid grooving a 
not difflcult to account for when the boiler leaks at the bottom. 
The unequal expansion and contraction which prodiio 
leakage can nearly always be traced to defective cirulution, 
either from the cold feed water being introduced at the bottom, 
or else, in the case of Lancashire boilers, from the side and 
middle water spaces being too narrow. These defect 
remedied by heating the feed water ; by iiitrodocing it just 
be!ow the water level, where it should be well distributed ; and 
by improving the circulation by the addition of vertical watM 
tubes when the side and edddle water spaces are too cramped. 

The riveted joints in the furnace tubes of internally fireil 
tabulae boilers are liable to leak, and c»iU»Q corrosion i 
grooriag on the fire-i^idt) ot tka W\ie» ti^u.\^fB &k«Wui4 V 
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each other or to the shell by plate-stays, and are thus prevented 
from breathing freely. These stays are needlessly introduced 
by some makers to support the tubes, and are sometimes rigidly 
attached to strengthening angle irons round them. They are a 
source of much trouble by causing the tubes and shells to leak, 
and they frequently lead to fractures in the plates. 

Combustion-chambers and tube-plates are often corroded 
by the leakage from the small tubes. In many boilers of the 
locomotive class the tubes are cau-ed to leak by the rigid 
manner in which the tube-plate at the fire end is fixed from the 
staying of the 6re-box crown. The want of freedom in the tube- 
plate to expand and contract causes the tube-holes to become oval, 
after which it is almost impossible to prevent leakage. The distor- 
tion of the tube-holes is sometimes caused by the exces^^ive 
preKSure concentrated upon the tube-plate by the girder-stays 
that support the furnace or combustion- chamber crown. These 
girder-stays should be attached by sling-stays to the shell- 
crown. Too great rigidity may be avoided by slightly slanting 
the sling-stays. Tubes are often caused to leak by attempting 
to get up the steam too quickly, or by blowing out the boiler 
while the plates and tubes are still at a high temperature. 

Wasting from severe leakage is very common at the bottom 
comers of the fire-boxes in boilers of the locomotive class. This 
is often produced by the difficulty found in making a good joint 
at the sharp comers, which are generally made of a radius too 
small to get a rivet through at the corner. In order to avoid 
the defect in question some makers double-rivet the fire-box 
bottom either idl along or merely at the comers ; others make 
the comer of the inside to a radius large enough to get rivets 
through, and so draw the plate to the ring all round. 

External corrosion from leakage takes place round manholes 
and mudholes without mouth-pieces from the difficulty found 
in keeping the joints tight, and at washout-plugf* and mud- 
plugs from defective threads. These threads, when formed 
merely on the plate, are soon worn off by screwirjg and un- 
screwing the plug, and by the iron rods passed through the holes 
for the purpose of cleaning. These holes should, therefore, be 
arranged with mouth-pieces having a male instead of a female 
screw. 

The various kinds of fractures to be met with may be divided 
into two classes, viz. : 1, those caused by want of freedom in 
the plates to expand Mnd contract, by the ^m^o^^ ^iL^^cc^ivsv^. <2!L 
the materUd in different parts of the \>o\\fit) «ai!^ V] ^'^^ %«Qi.^^^i^ 
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expanBioD and contmction ; 2, thiise cauned bj weaknew Utd 
inability of the ranttri"! to bear the steam preasure, and which 
ally be dae to bod wurkmauKhip, origiDallj bad material, or 
deterioration of mAtt-'rifil ori^Dall;^ good, malcoiiatTQctioa, 
injndiciouB repain, corrosioii, OTerheHttng, and fatigue aiiaiag 
from long eipoBure to variiitiocm of pressure. 

There are probably no fractures of such frequent ocecirencB 
as those found at the laj) joints of the furnace-pi atea in exter- 
nally fired boil«rs. They are most common at the trausieiH 
seams beiveen the end of the bailer nud the bridtje, yet are 
frequently met with at the longitudinal le&mH, and also at 
the segmental seamH at the hecoispherical ends, where these ua 
exposed to the B(>tioti of the fire. The fractures are most oom- 
mon from the holes to the edge of the plate in tlie outside Ltp) 
where they may not lio actually daugerous at first, but are 
very troublesome and cause much auuoyauce and espenu 
through the delay and repairs they necessitate. They an 
naually scarcely visible at flrst, but in time liecome more open, 
aud give rise to leakEige, which is generally the meaus of 
drawing attention to their prei^ence. In time these lap-edge 
fractures often pass thrjiigh the rivet holes into the body of tbe 
plate, where tbey are likely to prove very dangerous if thdr 
progress be not arrested by drilling holes aud placing aeotmd. 
rivets iu their path, whiuh generally proves effective. Whtoi 
the fractures run in a line through the rivet botes, either at the 
longitudinal or transverse seams in the shell, they must be 
regarded as dangerous, aud carefully watched. Plates of good 
quality will leak at the fractures, and give indication of danga 
where brittle plates would give way suddenly without warning. 
The liability to fracture in the furnaces of all boilers is greater 
with thick than with thin plates. 

The lap-joints in the shells of furnace boilers opposite the 
furnace throat, and also the lap and T-iron butt joints in the 
furnace tubee of internally fired boilers, are liable to the same 
deficriptioQH of fracture, but eapeoially to those from the hole* 
to edge of plate. These lap edge fractures are generally 
BBoribed to the overheating caused by the impingement of the 
flame against the double thickness of plate at the lap. But it 
is clear that the greater heat at these parts would causa Ui 
increased expansion that would have the effuL^t of cornpremTUg 
the material, instead of extending it, and thereby cauning frwy 
ture. jig'aiiiflt this iJieory A icaj 'oe ati^Kit, thai the seams 
vtbe taiiige whieix Are w»A exposed, te *:&« *uiis»vf. 
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flame are yery seldom found to fracture. The actual cause of 
fracture at these fumace>plate joiuts appears to be the sudden 
lougitudinal and circumfereutial contraction on cooling every 
time a current of cold air strikes* against the plates. If we 
consider the effect of the heat on the ring seams, it is evident 
that the greater the thickness of plate, the greater will be the 
elevation of temperature and tendency to expand at the joint. 
Regarding the double thickness of plates at the lap as an arch, 
whether concave or convex to the fire, the expansion will find 
foil play in gradually increasing the height of the arch either 
upwards or downwards, as the case may be. The form of the 
expanded cylinder will of course be modified by the internal 
pr^ure. On the current of cold air coming in contact with the 
joint in its expanded state, the effect of the sudden reduction of 
temperature will be to throw a sudden tensile strain on the out- 
side plate of the lap. This contraction is resisted by the inner 
plate, which still retains the form due to its higher temperature, 
and fracture from the rivet hole to the edge of the plate is the 
inevitable result if the ductility or elasticity of the iron be too 
severely taxed. After a certain amount of expansion and con- 
traction even the very best plates become brittle, and fracture 
from the rivet holes to the edge of the plate. Fracture through 
the line of rivet holes at the transverse seams is caused by a 
longitudinal tensile strain acting in a somewhat similar manner. 
Fractures of both kinds at the longitudinal seams over the fire 
are also caused somewhat after the manner just described. 

Many cases of fracture are met with which, on account of 
their protected position, cannot at first sight be accounted for 
by the cooling action we have just considered. Such, for 
instance, as the edge fractures in the longitudinal lap joints 
placed just above the fire-bars of some internally fired boilers. 
Since the fractures here are placed in the fire, they cannot have 
been caused by the air currents through the furnace door. Yet 
being just above the bars, the joints are liable to have a strong 
jet of cold air suddenly let in upon them when the hot fuel is 
removed on stirring or cleaning the fire, processes that must be 
repeatedly performed with any description of coal that yields 
much clinker. 

Again, it would appear, at first sight, that the edge frao- 
tores that so frequently occur at the outside laps in the shells of 
some descriptions of furnace boilers, just opposite the furnace 
throat, are out of reach of any ruali of coVdi %\t^\^<XEv% ^ij^ i^vsL 
horn the proper air-entrance by tli© i\xrn»iQfe ^Wix% X^H» N^ ^» 
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tolerably certnin that there fructurea occur on the reuiOTHl, bf 
accident or inteiiiion. of the biicktrork seiir the plxc 
the fractursB occur, while the plates are Btill at a high tem- 
perature. 

It has been attempted to explain the occurrence of tfaasa 
fractures by assuming,' that the iDtense beat and ebnllitioi 
vent the contact between the [<late and the water. When the 
heat subsideEi, the water coming in contact with the overheated 
plate causes it suddenly to contract and fracture. This might 
certainly account for a fracture at the inner pkte at the lap, 
but not in the outer plate. Thiit fractures in the body of the 
plate occur in this maiiimr ia extremely probable. 

The productioa of frmituraa after the manner described i 
ftided by the tendency of furnace pktes to become permanently 
shortened after oft-repeutod heating and cooling. 

As to the means for presenting these fractures, at t 
of riveting, iu furnace boilers, the only method to en 
cess is to guard the plates from both the henit and the cold air tiy 
a shield of brickwork, ivbich, however, should be arranged a 
aa not to harbour muisture against the plates. 

^Mth externally fired boilers the liability to fracture at the 
laps increases as the lire is approached to the boiler bottom. By 
lowering the height of the bars, which dimiuiHlies the intensity 
of the heat from radiation and at the same time allows the air 
to diffuse itself, a partial remetly can in moat cases be effected. 
Attempts h.'Lve been made to prevent the rush of cold air on 
opening the fire-door for stokiug, by employing some self-acting 
apparatus to close the damper aa the door is optued. This 
plan, however, interfei es with the process of combustion, and ii 
productive of smoke DeQecti ng arches inRide tbe fire-door, to 
direct the entering cold air on to tbe fire, instead of allowing it 
to rush atraiyht at the pUtes, bale also been tried with partial 
Buocess. But the trouble of keeping these deflectors in repair 
leads to their disuse The best and simplest means ia 
pense with the tranaveme lapi ever the fire altogether, i 
do away with the exceiiive expinsion and sudden contraction, 
they give rise to from the thickness of iron their use involve* 
This can best be done by keeping the second ring seam beliinii 
the bridge by using a long plate over the fire. Bafore the 
reaches thin, it will be Rufhcieiitly be^ited not to act injarioualy 
OB tbe plate at the jnint. This plate must bo sufficiently wide 
to keep the Jongiludiiial seiimf owl <j! Tftac\i ot VW fee and ooU 
iiio objectiouB to this ftciB.ttioiuto-'^ » 
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inyolved in using Buch a large plate, and the long unbroken 
length of longitudinal seam it forms, which must be a source of 
weakness. This can, however, be partially compensated for by 
double riveting. 

In order to prevent the liability to fracture in boilers with 
I internal furnace tubes, the ring seams should be as few as pos- 
Bible, and made with '' Adamsou" flanges. The longitudinal 
■earns should always be kept below the fire-bars. 

Fractures of a dangerous nature, and which may be regarded 
A8 one of the commonest causes of explo.^iou, take place at the 
ring hsams of externally fired bo'lers, near mid-length, where 
tto cold air can reach them. These fractures usually run through 
the rivet holes at the inner plate of the lap, and are brought 

t about in boilers of moderate length by the sudden contraction 
of the plates con^^equent upon the coolinc? effect of having the 
f feed delivered directly on to them, or of letting in cold water or 
*ir on the hot plates too soon after the boiler is emptied for 
cleaning. The quantity of brickwork in which these boilers are 
often imbedded, and the awkward manner in which they are 
Sometimes supported by an unnecessary number of carrying 
bracketfl, must greatly interfere with their freedom to contract 
equally throughout their length, and in such cases even a cold 
current of air let in on the shell bottom, after the fire is drawn 
and the boiler is empty, is sufficient to produce a large trans- 
Verse seam rip. In very long boilers the expansion of the 
l)ottom when at work would cause the shell to arch upwards as 
much as half an inch, or even more, at the ends, were this elevating 
tendency not resisted by the weight of water in the boiler. The 
arching is however sufficient to throw the whole weight of the 
boiler for a time on the middle supports, and after a length of 
aervice the contraction that takes place more or less in all plates 
subjected to alternate heating and cooling is sufficient to arch 
the boiler upwards in the middle when cold, thus lifting it clear 
of its middle supports, and throwing such a tensile strain on the 
bottom plates as to cause a transverse seam rip. 

The expansion and its effects in all cases will of course be 
increased when the furnace and flue plates become partially 
overheated through being covered internally with a thick coating 
of incrustation, or when the water is very greasy, and contains 
carbonate of lime in considerable quantity. 

The flat ends of shells and tubes are liable to fracture through 
the rivet boles, or tbrongh the cornerB of t\ie at\^\e vcovv% ot ^«£v^*i% 
lecaring tbem, either for want of tiufl^cieut fe\.\Sasi«& Qt Ixoroa. 
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betng too rigid, in the samo manner that we aeoonnted fit 

iutamal eud plates grooving. 

The name causes that lead to grooving ma; also lead ' 
feaotiira, directly or else iiidirecdy, by wuakeaing the plate ml 
ciently for the Bteam preBsure to oompleto the deHtruction, 

A common example of fracture from unequal expanuon 
found in the long vertical chimney hoilers used in conueetil 
with forges aud iron furnaces. Tbeae are Kka a Cornish bdH 
placed on end, the flue-tube being ont of the centre to iJb 
more Bpaee for cleaning, Ac, leaving only about 6 inahfl 
between the tube aud nhel). The expansion of the tabei 
found in some cases to oxcQed that of the Bbi;ll by fully half H 
inch. This necessarily throws an enormous strain 
angle irons and rivet^i, resulting after a hrief service 
through the rivet holes, migle iron, or plate round the edge 
the angle iron. Were the bottom of the Hue-tube in 
Coruish boiler exposed to as much heat as the crown, many ( 
these boilers as at present constructed could not be worked fi 
the trouble and danger that would result from the rigidity 
the end plate bottom. 

The furnace crowns of small vertical boilers, when orowdei 
with small tuhex, are rendered too rigid and liable to fr ae t cr^ 
as well as to groove, at the llange or angle iron secniing tb 
crowu to the furnace. The rigidity is sometimes increased Iq 
di>!iing the crown plate, and the liability to fracture is oonM 
qnently increased. 

Many disantrous explosions have occnrrod, especjally wiS 
aitemally fired boilers fracturing, immediately after repaint 
the longitudinal or transverse seama, through the liues of riv( 
holes where new plates have been joined to the old, or vim 
the plates have been repair.^ with patches riveted or bolted 01 

Many improbable causes have been asdgned for these acd 
dents ; bnt the true solution of the mystery lies iu the fact tj 
the old plates are very ofien severely fractured by the ehu 
manner in which the rivet heads are knocked off and the lit 
forced out of the holes. Then, on putting on the new plal 
the reckless use of the drift completes the mischief, and ' 
joint is ready to part with a strain far below the wnlt 
pressure of the bolh-r. Many of the numerons causes of It 
turen at the rivet holes already considered are assisted to 
iiuknown txteiit by bad workmauship combined with bn< 
Jatcrial. Nothing Wt l\ie aX.vi««A in^vvi-ion, and the « 
jftnmt of really sWilial wo\li.\BBD, •»». o-osicRima 
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)at wlien boilen are oonttantly being bought at a price barely 
efficient to pay for the plates of proper quality it would be 
lopeless to expect first-rate and trustworthy work. 

In boilers of the locomotive class fractures often occur in the 
Szebox tube plate, either at the roots of the flanges or through 
die material between the tubes, in consequence of want of 
{^eedom to expand and contract, or from sudden contraction. 
the liability to fracture at the flanges is greatly increased by 
HaVing them with too sharp a bend. 

Overheating may take place, and be confined to a very 
Imited area, or it may extend over a large surface. Examples 
jOf fractures caused by overheating are most common in exter- 
nally fired boilers. The causes which directly or indirectly load 
■ to overheating are treated of in the chapter on *' Explosions." 
^Hien severe local overheating of any kind occurs in the body 
|tf a plate, the material softens, and bulging outwards from the 
jpiessure sometimes forms a pocket, which is eventually fractured 
^ the pressure itself or by the contraction on the plate cooling 
down. 

When fractures arise in a plate that has been so intensely 
beated as to drive the water off the surface, they may have been 
eaused either by the pressure overcoming the tensional resist- 
moe of the softened plate, or by contraction on the water 
ooming again in contact. 

An effect of overheating but rarely met with is found in the 
flatting and partial fracturing of the outside surface of thick 
plates when exposed to an intense heat, as when a large body of 
flame becames concentrated and impinges on a limited surface. 
In such a case the outer surface of the plate is subject to much 
greater variations in temperature than the inner layers of the 
plate, and deteriorates more rapidly. It is also probable that 
the cracking of the outer face is in great measure due to ' 
the presence of corrosive gases given off by the burning 
fneL 

When a furnace plate is laminated, it is very liable to over- 
beating on the outer surface in consequence of the increased 
resistance the want of solidity offers to the thermal conduction, 
rhe overheating causes the outer shell to bulge and form a 
blister, which sooner or later fractures either at the apex, when 
Uie thickness of the skin is uniform, or near the edge, when it is 
thinnest here, and offers the least resistance to breaking. 

Fractures from overheating are very common \>u\iN^^cv\. ^'ft 
r&i/v in the fat Burfacea of Incomotlve fixeboxoA, '^Xi^^a ^2» 
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caused solely by the Boffceaed plates bulging and yielding to the 
prensure. 

Some of the plans that have been used for admitting air 
behind the bridge for smoke prevention have led to serious 
trouble from the alternate heating and cooling effect the air 
produces at various stages of the combustion, especially ^here 
the current of air has been allowed to impinge in considerable 
Yolume against the furnace plates. 






CHAPTER X. 

FACTOR OF SAFETY. 

Ik seeking to determine the proper co-efficient or factor of 
safety to use for the tenting and working pre88urcs of a boiler, 
or in other words to decide what ratio these prensures should 
bear to the ultimate strength, to provide against defectH arising 
out of wear and tear, as well as original defects of workmanship 
and material, we must ascertain the manner in which the boiler 
is strained and the power of the material to resist the strains 
Under ordinary working conditions. In the Cise of a cylindrical 
boiler it is usually taken for granted that the fluid pressure and 
diamet-er on the one side, and the ultimate breaking strength of 
the plates or joints on the other side, are the only elements to 
be considered, and that the bursting strength as estimated from 
these data divided by proper factors of safety, usually 6 and 3, 
should give the working and testing pressures respectively. 
IfoWy in the first place, in many cases the steam pressure is not 
the greatest force the boiler has to withstand, and any iucrea<«e 
of thickness in the plates, by its tendency to increase the strains 
arising from the sadden or unequal expansion and contraction, 
may be the means of weakening the boiler instead of strength- 
ening it. The effect of these strains on the boiler should, there- 
fore, always be considered in estimating its strength. In the 
second place, the method of fixing the factors of safety from 
the original ultimate tensile strength of the material alone can 
Only be considered satisfactory if the strength, elasticity, and 
ductility of the material remain unchanged under all conditions 
of working and testing. We also require to know what strain 
the material will stand without producing such change of form 
or size as may be detrimental to the efficiency of the structure, 
and how the strength and character of the material is afft- cted 
after long exposure to trying work. 

If we submit a atraight bar or plate of good wtoxx^Xi vccjh oIt^ 
galurBectioDtoaateady*^ " ~^.rain, it wi\\\xpto8b c^T\Mai\icsv 
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be found to stretch uniformly about ■ j^^flj part of ita length (orl 
every ton per square inch of aeotional area applied. If the bu 
returned fully and perfectly to ita original length on the remov*! 
of the load, its elasticity would be said to he perfect. Thli ■ 
theoretically perfect elasticity ie sot attainable, and it is pay 
bable that, if we bad Bufficieutly accurate and delicute means ol 
measuring the bar, it would b« found to be permanently elon- 
gated by the smallest loads if permitted to act for a langtil 
of time ; but for practical purposes the elasticity may be eon- 
udered perfect up to loads of 3 or 4 tons per square inch, and 
with good wrought iron the permauent set is bo alight 
below the limit of 10 or 12 tons per square inch, or about one- 
half the breaking weight, as fiot to be sensibly felt in a boilo: 
ahelL Beside?, with these small loade the permanent set 
not be increased by any number of repeated applicationH of ^ 
Bame load, and it may therefore be coonidered as l:>eing condstsitt 
with perfect safety. But wben the stress exceeds the abon 
limit, it will be found that the set is increased by repeated ^F' 
plications of the same or even a less load, provided that time bt 
allowed for it to act, and the limit of elasticity of the mateiild 
is now said to have been exceeded. The limit of elasticityDUf 
than be defiued as the greatest stress that can be applied withont 
producing an increased set by repeated applications. ~ 
amount of elongation produced by a load exceeding the ( 
limit will render the iron uxelesa in moat structures, and 
cially in a steam boiler, where the tightness of the joints wiS 
become destroyed even before such a strain can be reached. 
is therefore evident that wa must be guided directly by tlu 
elastic limit of the material, and not by its ultimate brealdng 
strength, in deciding upon the stress we can safely subject 
boiler to. For mild steel the elastic limit may be taken at 
16 tons. 

If we continue to stretch our bar by increasing the load until 
it tears asunder, and then reetrotch the broken piMes, ws 
find that they will bear as great a load, or even greater 
in the Srst instance, showing that the actual breaking strength 
is not reduced by a straia little short of that suffident ts 
produce fracture. But the character of the iron will have b 
changed, inasmuch as in the first inatauce the entire bar vra 
be drawn out considerably before breaking, whereas in tha I 
lowing breakages the pieces wilV \>b found to break short 
with comparatively litUe tedMt*.\oTi ol lii«.\.>mw\ aiMi., ei^^Jo&a 
iu oansequeoca a more ovyaWi^a kw&atft. 'SWa -wV^ '^-^ 
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t;o stand a sadden strain^ although their limit of elasticity 
Lave been iucreased. 

}Wf it is extremely probable that the hardness which is 
ied by a severe dead weight acting for a short leogth of 
may be produced by a very much less stress oft repeated 
suddenly applied. This may explain why boiler plate, 
lally good and ductile, has been found after long service to 
oe hard and brittle, more especially when it has been ez- 
L to severe strains, as in the part of a shell having a large 
cut in for the dome, in some furnaces, or in locomotive 
r barrels connected rigidly to the frames. In addition to 
omparatively constant and steady steam pressure, it must 
be forgotten that many boiler shells are subject to severe 
Ls from the sudden opening and shutting of valves, as well 
severe tensile strains arising from the contraction caused by 
adden impingement of cold water or air against the hot plates, 
le limit of elasticity of wrought iron is materially affected 
le number of times the application of the load is repeated, 
sJso by the difference between the constant load on the 
rial aj^d the increment of load that is applied, as well as 
le length of time the constant and variable stresses act. 
1 the results of carefully conducted experiments by various 
drities, and from general experience in boiler practice, it 
be concluded that the limit of elasticity for boiler plates 
be safely taken at 10 tons per square inch of nett section ; 
x> allow for contingencies it should not be taken at more 
•|- the breaking strength of the joints, which is the limit of 
pressure to which a new boiler should be strained. This 
pressure may also be safely applied to an old boiler whose 
s have been exposed only to tensile strains, although they 
have varied in intensity many times a day from variations 
mperature and pressure. But before such a test is applied 
u old boiler its condition must be satisfactorily ascertained 
borough examination of every part both inside and out. 
an examination can, however, only be carried out in 
in kinds of boilers, and these require to be completely 
L and cleaned for the purpose. Any loss of strength by 
ug or grooving of plates, angle irons, rivets, or stays must 
>ur8e be allowed for in estimating the strength. It may be 
rked that the actual strength of a boiler may not be im- 
d by a wasting in the body of tihe i^IaXa ^iNIV] i\^m K^ 
^ so long aa the remaining seciioii \& ixoXi \^^ ^^bsv. '^^ 
9otion through the line of rivet liolea. 



When tbe coDilition of the hoiler after baing naed for i 
number of yeara cannot bo aatisfactorily aBcertauitui, the testing 
pressure should not excaed. one-fourth the estimated ultimate 
Btreneth of the joints and stays. 

The plates of some boilers are exposed to severe compresaiio 
as well as teorite straiua, as in the shells of many long exter- 
nally Gred boilers, and in the barrels of some locomotive boilen 
rigidly attached to the frames. In such cases after long n 
the teusile strength of the iron is greatly Teduce<l, and tlu 
material is rendered hrittle ; bnt we are in want of iufonnation 
as to its efTect oa the limit of elasticity. It is, however, pro 
bable that the limit of elasticity i>t not reduced in the same 
portion as the ultimate strtngth of the material, and the a 
facton of safety as above given may he used for the 
pressure, provided that it be gradually applied and the pUtN 
are not thrown into vibration by hammering or jarriug of kbj 

In deciding upon the proper factor of safety to use for tht 
■working pressure we must be guided by circuui stances. ~ 
boiler that is thoroughly examined at regular intervaJs, aiij 
whose condition is satisfactorily known, we shoiilil be justi 
in allowing a lesa margin of safety than with a boiler that U 
allowed to work without being examined for a lungtb of Vm^ 
extending perhaps over several years, daring which its stnitigtil 
may become coD»iderabl; reduced. In the former case tbeK 
would be much less risk in uniug a factor of safety of onlf 3 
for the working pleasure, than iu allowing as large a factorOt 
6 in the latter case. Again, for boilers that are peiiodioSf 
examioed wo may nafely use a less factor of safety when TC 
dan depend upon the non-corrosive action of the feed i 
dry condition of the flues and surroundings, and uuiformityi^ 
strain, than when the reverse of these conditions is known to 

As a rule we may use for tbe working pressure of new boilli 
or those whose condition is known and regulnrly ascertained^ 
intervals of from 6 to 12 months, a factor of safety of S ^ 
even somewhat less, and fur those whose condition is not 
well known a factor of 6 or 8, according as the nature of « 
case may dumaud. 

Since the strength of cylindrical fine tubes decreuH I 
the square of the reducliou at tVicVnees, -wVvV-fl. Uw atr4D)(dt4 
the Bhe-U decreases siiu^ils aa V'qb TeAiiiAv.ii ^ •JftsO*.^^*^-'-' 
margin of Siifety for went htonU \» aV\u-«Bi ^^ 'Con ^ 



CHAPTER XL 

TESTIXO. 

Thx €Bly meui we have of Moertaining with any (Utfr«*o c>l 
avteiiity IliB nfety of a boUer, is by the appUiuitioii of pti'imiiii*, 
i^iidi alioiild be luidef conditions as simiUr as prfiotit^alitc* i<» 
tiioae of actoal work. Let a boiler be ewr ho o.an>fSilty (I0. 
■gned and oonatmcted aooording to the knowhuif^c^ aoiluir«til by 
earafol raeeaich and long experience in the ittrtitiKih luul iIIh- 
poeitioii of its materuds, and let every plate \m t«*HtcMl tM«f*oht It 
is pot in, there will still remain an element of ilouht an to ih«* 
actual strength of the boiler since the maiitriiil may hnvM nwn- 
tained injuries in the process of conHiruotion whioh Imvo 
eecaped detection* In the case of a new boiliirp nv»n by a flt-Hi- 
rate makers to say nothing of original and hiddntt (Uwm tii ihi^ 
plates, bars, angle irons, and castings, there is alwnyii a pnMHl. 
iaU-ty of defects such as bad welding, oareloHN ri voting, plaioM 
burnt in flanging or cracked in bending, and many othnr dnfDolM 
that may be traced to the want of skill or reoklewt uoKligenoe 
on the part of the workmen. 

Many cases of dangerous defectSp which the HirlotoHi Mcruiitiy 
of the completed boiler would fail to detect have hmn bhni^ht 
to light by the hydraulic test combined with careful inHpeoiion. 
The foUowing may be given as examples. In a now boilnr the 
rivet holes in some of the shell plates instead of being about 
\^ inch diameter w^e discovered to have been reptuiohed 
and made 1 inch by -}-} in order to get the |4uch rivets 
jbhrough the holes in the adjoining plate. The section of the 
;>djoining plates through the line of rivets was thereby rodticeil 
14 or 15 per cent, more than necessary, and the strength was 
further diminished by the presence of incipient fraottires pro- 
duced by the reckless use of the drift. The difficulty, or rather 
impossibility, of keeping the joint tight in testing by hydraulic 
pressure led tp the discovery of tlieae dei^a ^\iv^ ^v^t* 
eertainljr dangerous. 



In another case, tbe guMet pintea of a Cornish boiler v«n 
found to lia put in between tha double-atisb iron« on the enda, 
with the materijil betweea tba holes and edge of the plate 
nearly uU cut away. Such a defect would not be apparent to 
the eje, being; completely concealed, nor to to the ear if tested 
by Bouud, yet its presence wiis rerealed by the bolging of the 
plates on testing the boiler with water pressure. 

These two cases indicate the possible unreliability of the meis 
internal inspection of a finisbed boiler, and shon that boilen 
should always t>e carefully inspeeted during construction, t» 
■well as when completed and ready for work. 

There are many boilers which do not admit of anything like 
proper examination as, for eiample, locomotive boilers, which, u 
a rule, are worktd with a less margin of safety than auy other 
clasi The expense of removing the tubes would alone forbid 
a periodical examination of the barrel, aud the water spaws 
rouud the firebox are almost entirely out of sight. Then, 
again, many forma of marine Itoilers and the entire small fry of 
portable, agricultural, and small crane boilers are so constmoted 
, that a thorough examination is out of the question. There an 
also boilers whose construction being unusuat or irregular and 
complicated, defies even an approximate calculation of theit 
atrength being made. 

Now, in all these cases there is only one means of testing tlu 
strength, and that is the application of pressure. The man; 
ways in which this can be applied may be classed under tvo 
heads, y'vL, by steam and by water. 

To those who have not been accu-itomed to it, it may appw 
the height of aadnoss to test a boiler first by steam in ordai 
to ascertain if it be safe at 50 or 25 per cent, lower presmret 
as the case may be. This however is to some extent done, buf 
it was once tbe common practice at many of the boiler wnta 
and railway works throughout the country. This practice a 
neither more nor \ssi than an attempt to explode a boiler in tlu 
repairing shed or boiler yaril, to see whether it will not ex- 
plode on tbe line or at tbe works of the pui'ohaser. Notwi* 
standing that hundreds or thousands of boilers hiive suocessfiillf 
pasEed through this ordeal, -the danger of which is usnally 
aggravated by caulking and hammering all the time at leakf 
rivets and joints, the principle is inherently bad, and s* 
amonDt of success which hitherto may have attended it MS 
reader the practice ju,st'Aa\>\B. 
lafavojiT of tenting bj Bteam, Vt'iaKcsuRA. 'ii>&"4.ikSp»|rifc 
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method by wliich the conditions of strain can possibly be the 
same as tiiose under which the boiler is woriced. No doubt 
this is in the main tme, but the steam test should only be 
applied after the strength of the boiler has been ascertained by 
testing with water. 

With regard to the yarions modes of testing by hydraulic 
pressure, that conmionly adopted is to pump water in until the 
desired pressure be reached. The coudition of the joints and 
xiyets is then looked to, and any very conspicuous distortion or 
defect probably noted. This is on the face of it only a slip- 
shod and altogether unsatisfactory manner of makiug the test. 
Of course, it will depend upon the construction and size of the 
boiler, and existing circumstances of situation, accessibility, dire, 
which is the best course to pursue in any given case. In re- 
testing boilers on their seating that have been some time at 
work, and whose condition has previously, but at no distant 
period, been ascertained by careful test and examination, the re- 
testing will be sufficientiy satisfactory, if, when the pressure is 
put on the gauge remains stationary, thereby indicating the 
absence of leakage. At the same time, it is always advisable to 
examine the flues and rest of the boiler that may be accessible 
whilst the pressure is on. 

In testing a new boiler, before the pressure is applied, the 
various parts should be measured and gauged, and the results 
carefully noted. In Cornish and Lancashire boilers each belting 
of plates of which the internal tubes are made up should be 
accurately gauged across the diameter, both vertically and 
horizontaJly, particularly if the tubes are somewhat ovaL The 
exact spote where the measurements are taken are best in- 
dicated with accuracy, by marking them with a centre punch 
^::and the dimensions at each place should be written on the 
I plate or othewise carefully noted for checking when the pres- 
sure is on. Sometimes, however, the more troublesome plan is 
used of making a separate rod gauge for each measurement. 

It is very troublesome and difficult to measure and re- 
measure the circumference of a large boiler shell with au^r 
degree of accuracy by steel tape lines or other means. The 
amount of permanent set in cylindrical shells is usually so slight 
when the boiler is not injured by the test, as to be scarcely per- 
ceptible with the rough means employed to measure it. Most 
attempts to carrying out the system of gauging the circum- 
ference have in consequence proved Tm&at\&iw^\iorj^ ^s^Was^^ 
heeo mbandoned After a short triaL Tke e^ec\> ol >Xv^ ^T^ii»QX^ 
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on fiat flDrfaces, stayed or unBtayed, hovever, admits of aeoa- 
rate mens arement nith simple nppliauces and with little troublo. 

After the test pressure has beeu maiutaioed aome time, tba 
measurementB previouHlj obtained shoald he cli^cked. And tuij 
eiteiiBioD, distortion, bulging, Jkc, carefullf noted. Tbeii, 
again, when the preasure is relaxed, which may be done sud- 
denly, it should be asDertained whether any cbangeH of shupe 
that may have baen foumi are permanent or not. If there be 
any permanent enlargcmpat or distortion, OTen of the aJighteat 
degree, it should be sati^'factorily examined to decide whetlui 
it is due to the elaetic limit of the material having been sfi 
ceeded or to mal-conatruction. There are cases, as, for instance, 
with fiat surfaces, where a permanent set might take place and 
which would be quite safe at the ordinary working preBBaT& 
This is especially the case with stayed surfaeea, for it seldiMl 
happens that each stay in a, series takes its due proportion d 
load until the stays have been stretched or the plates distorts 
by the precsure. 

But caites of a permanent flue tube di)^tortion or flattening! 
must alvays be treated with the greatest caution, since th( 
change of Khupe is liable to become aggravated on a Hubsequenj 
application of the same or even a less preoaura la all caMI 
where a permanent set is dJEicovered, the test should be repeats^ 
again and again if necessary, to ascertain if tile set beconui 
increased. 

Some 'advocnte the toethod. of mHrking the leaky seams and 
rivets when the full preHstire is on, and then reducing the pFM 
sure for caulking. Thin may appear, however, aii uunecesiu] 
precaution wbcQ tenting with water, yet it should always iN 
rigidly carried out when testing by steam. The jarring cansej 
by the caulkiug is no doubt liable to start the seams and cuM 
fresh leakage when the shell ia under severe stress, and in alj 
oases it ia perhaps better to reduce the pressure whilst tbl 
boiler is being caulked. i 

Many recommend the employment of hot wat-or for testing 
iinceit assimUates the ccuidUJons of stress to those the boiler i^ 
exposed to when at work. However, the t 
approacfies to the conditionn. of working, the less capable ji Q 
boiler of being gauged and examined, in consequence of i 
presence of the very heat that is recommended. This fact Ct 
demoB, in the writiVa opinion, the method of using very 1 
wnter, as a hyi3riivi\io teat ia cimi^iiia.\viftV3 ■ntjAUess nltb 
euefui examinatioD at ttie same Vvma. "^Nn* d '■ 
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testing applies most strongly to tubular boilers where the large 
tubes are likely to be the weakest portion of the structure, and 
should consequently be the most carefully examined under pres- 
sure. Moreover, the effects produced by the uniform expansion 
of the whole boiler in uning hot water for testing are in many 
cases very unlike the local expansion of the plates and 
other effects produced by the fire and hot gases. 

A plan has been proposed and in some few cases adopted of 
filling the boiler with water, closing every outlet and putting a 
fire to it. As water expands about -^-^ in volume in rising from 
60" to 212% the rise of temperature as the water becomes heated 
will cause a corresponding increase of pressure, and from the 
regularity with which the pressure rises the condition of the 
boiler can be decided, any jerks or starts of the gauge hand 
being considered to denote weakness, the soundness, on the other 
hand, being indicated by the steady rise of the pressure gauge. 
In osing this method of testing, there will be some difficulty in 
regulating the fire so as to impart the heat in a uniform and 
regular manner, and also some difficulty in maintaiuing the tem- 
perature for any length of time exactly at the point to cor- 
respond with the desired pressure. The use of this plan would 
of course forbid the examination during the test, at least of the 
heating surface, and it is very doubtful whether the rise of 
pressure would be so irregular in most cases as to attract 
attention in the event of any portion becoming overstrained. 

It is most important that any permaneut iucrease of volume 
should be detected and the following plan for this has been 
proposed : After the boiler is filled, the quantity of water 
forced in to raise the pressure is accurately ascertained. On 
removing the pressure the boiler will contract more or less, and 
the amount of water forced out, if less than that forced in, will 
be considered to indicate a permanent dilation of volume. The 
air in the boiler, to say nothing of that present in the water 
whichj however, could be removed temporarily by boiling, would 
in most cases destroy the accuracy of this test. In most boilers 
there are so many places for the air to lodge about the highest 
points as to cause its entire removal no easy matter. Besides, 
any leakage during the test would falsify the result obtained by 
measuring the water, and the springing of the plates on release 
of pressure would be apt to dislodge more than the amount of 
water due to contraction of volume alone. 

In whichever manner a boiler is teivteOl, too^^A ^jajt^ <5»KftRi^ 
te exercised in obtaining the exact uoiovxn^i ol '^x^'asKssL'^ ^^a^ 
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ployed. The weighting of safety TalveB is qnite UDTeliilila 
when water pressure is used, and dial gnliges are too apt to get 
out of order to be implicitly trusted when onl; a, single gaogB 
is used. Severnl curious but seiioifa accidents to boilers hare 
happened through relying upon the indications of a siugls 
presBure gauge when testing by hydraulic prexaure. 

Mthough a boiler cannot be exploded when water praanira 
alone is used, a few serious accidents have occurred from th« 
springing of the platen on their giving way under hydraolin 
test. This is more likely to occur with nte^l thau with inm 
plates. The spring upon the material, together with the ex- 
pansion of the comprusHed air have been known to ciiiise a stael 
plate to double right b;ick when it has been fraottired in testing. 

There are many who oppose the system of testing boilers hf 
hydraulic pressure on the ground that it does not tell us the 
actual strength of the boiler after all !But the same objeo- 
tion may be urged with equal force against the use of a steam 
test, and the reply to this objection is twofold : 1, the test is 
not meant for perfectly sonnd boilera, but for the detection of 
weakness, which is usually local, and if carefully conducted, Ota 
test gives us positivB evidence of the presence or absence of such. 
weakness, and of the safet; of the boiler at the pressure it is 
intended to work at, so far aa the pressure per se is conoomed. 
2, lu order to ascertain the actual strength of a boiler, ws 
should have to burst it, or ftt any rate so far strain it as to 
render it worthless, which no sane person would demand for t 
boiler he intends working. 

There is, however, a more sensible argnment that appliu 
equally to steam and hydraulic tests, viz. : — A boiler may be 
strained without detection, beyjnd its elastic hmit, either looally 
or generally by the test pressure, so as to Tender it unsafe it 
the lower working pres.'ture ; or, in other words, a high tesi 
pressure may render a boiler unsafe which would otheTwisehin 
been safe at the lower preeaurQ used in working it. It is f«iied 
that Btiy weakness nay be aggravated by the text withont bdog 
disclosed by it. Buch a case is certainly witbin the bounds «( 
probability, and the fact of its possibility should urge tha 
expediency of close inspection whilst the boiler is under prewurs. 

The danger of serioui'ly injuring the strength by using *a 

excessive test pressure is moat likely to occur in the cais of 

tubular boilers, where the d\B\(OTtwiu o£ the large tubes beoaniBg 

rapidly ftggravftteil by a lowei ^eaama ft>B,-B 'CoaX. \s) ViiiSa. «!«. 

4tJatortioa ill the first place mas taNe^reen i^aa. 
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We come now to the qnestion, — How long should the test 
pressore be maintained ? On the one hand, by keeping it on aa 
short a time as possible any serious straining may be prevented 
and save a weak boiler, but on the other haud, by maintaining 
the pressure a considerable time — say half an hour or more, it 
may lead to the detection of weakness which would otherwise 
escape unobserved. As to the first of these contingencies, a 
boiler, especially if new, should not be considered sound if 
imable to bear a pressure considerably in excess of its working 
pressure for a considerable length of time ; besides, a test of 
short duration is incompatible with efficient iuspection. Want 
of tightness in the joints is often revealed by leakage, only 
after the pressure has been applied for some time. In expla- 
nation, it may be stated that the steam or water leaking from a 
joint does not always find its way between the plates imme- 
diately opposite the point of issue, but the actual source of 
the leakage, as we may call it, is at some point perhaps several 
inches distant, whence it requires a considerable time to force 
its way to the point where it makes its appearance. There can 
be no doubt that, from the manner in which boilers are usually 
put together, the internal pressure is not equally resisted by 
all parts of the shell, and produces an undue and often very 
severe strain on one plate or portion of a plate. This is 
probably the cause of many leakages that occur, and which only 
'* take up" after the plate becomes stretched and relieved of 
the extra strain, and it is therefore advisable in testing, to 
allow the pressure to act long enough to stretch such weak 
portions. 

As to whether a boiler is strained most severely by steam or 
by hydraulic pressure, this will be found to resolve itself almost 
entirely into a question of oonstruotion. 

A boiler under steam is often strained, especially in a longi- 
tudinal direction, more by the greater dilation of the tubes 
compared with the shell, or by the unequal expansion of the top 
and bottonf of the shell than by the actual fluid pressure. In 
tact^ it would not be diflicult to design a boiler that would 
explode violently with 30 or 40 lbs. of steaoi pressure, and 
which would not be unduly strained by 200 or 300 lbs. of 
water pressure. The persistent leakage at the shell ring seams, 
along the bottom of horizontal internally fired boilers without 
external flues, is usually ascribed to the difference in temperature 
of the wAtear ADd sbe&m at the bottom and. Vi^ o1^v^\>q^<s^^^'^ 
in some oaaoa the leakage is prinoipaW.^ Qa^w.%&^ Vj >icife\Qi^'Q^'^ 
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din&I stnuuing of the bottom of tbe shell, dae to tha greater 
expaanon of the tubes, especially vheu the firing it fomed ii 
getting up steam after the boiler haa been at retit. Aa this 
Etraiuiiig would not take pirtce in testing the boiler by hydraulic 
pressure in the usual muiuer, thia leakage would not be pro- 
duced. It follows from th« above oousiderations, that a 
hydraulic test might (mI to indicate w«akuesa which would be 
produced and made uppureut by Gteam pressure. 

It ia often much inore difficult to keep a boiler perfectly 
tight, and free from ooziu^ at the rivets, plate edgea, stays, and 
tube enda under & v«ry high water preaBure than under a 
equal presaure of steam. This ia probably owing to the foot, 
that the high temperature in tlie latter case tends to dose the 
joints, and with <iErtain kinds of water &uy alight oozing is 
found to take up by tbe opening becoming closed with deposit or 
ooirosion, which is induced by the high temperature. 

It ia sometimea urged, that the severe percussive or dynamic 
force produced by the sudden raising of steam by hard firing, 
or by suddenly opi-niug and abutting the valveR aad cocks, 
strains a boiler more than th e dead static pressure which ii 
anpposei to be exerted in employing the hydraulic teat. But 
instead of the hydraulic teet being a mere dead presaura, the 
rapid working of the pump often produces a aeverer Buddea 
strain than can well be produced when there is an elastio 
cushion of steam in the boiler, and when the pump ia carelessly 
used the inelaatio property of the water may render the water 
tost unduly severe. In order to obviate any severe shocks ii 
using the pump, the counectiou between it and the boiler 
should be made of a very smair 

In supplying the boiler with water for testing, some engineers 
always atop the outleta from the boiler before it is quite full, 
and so retain a quantity of air to act aa a cualiion when the 
presHure ia applied by the pump. 

Although the system of testing boilers by hydraulic pressure 
to a point considerably above their working pressure has many 
opponents, itft vulue is attested by the numerous legislative 
enactments in force for its employment abroad, 
countries the law is more lenient towards old than new boilen, 
and is not ao aevure with multitubular as nith other boilers, « 
far aa the degree of pressure to be applied ia concerned. 
Tbe reitaouB fur this have beva tndii::ate<l iu the likst chapter) 
it miiy, howeviT, be fiirthut remailsol ftiaX, "v 
boUtsr of whose conditioa tbeva vo«.^ ^w 
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hydranlic test should not be applied until its form and the 
strength of plates, as measnred by the thickness, have been 
ascertained by inspection, where this is possible, in order to 
gnard against overstraining. But when this is impracticable, 
as in many multitubular boilers, one and a half times would 
be safer than twice the working pressure for the limit of the 
test. 

A boiler that has been at work for some time, and has thus, 
in a manner, proved its capability of bearing a ^iven pressure, 
may be considered safe if it will stand a test of one and a 
half times its working load ; even if it has been overstrained by 
the test, it may still be considered safe for a limited time. 
The effects of overstraining would probably be detected on a 
repetition of the test, after the boiler had been working some 
time, and this appears to be an argument in favour of perio- 
dical testing, especially when a reliable inspection cannot be 
made. 

The inspection of boilers should commence at the works 
where the plates are manufactured, where alone many circum- 
stances connected with their quality can be ascertained. 

Many new boilers proved tight and sound on testing at the 
makers', have been damaged in their subsequent lifting and 
transit, and still more have been seriously damaged by getting 
up steam too hurriedly the first time for regular work. 




Sateit or freedom from IkbOit; to explode is the first con- 
dition to be sought ia uaLng a steam boiler. That this con- 
dition is far from being unirersallj attained, is but too veil 
proved by the frequent occurrence of disastrous esplosions. 

It was formerly the rule which, nufortunattily, still to some 
extent preTails, to attribute explosions to occult causes. Such 
phenomena as electricity, generation of explosive gases vrithin 
the boiler from the decompoE^itiou of steam, the instantaneoQa 
flaahiog of a large body of water into steam, acoonnted for by 
the spheroidal theory or from the superheatiiig of water purged 
of air, great deterioration io the quality of the plates from 
chemical changes, and mysterious overheating and superheating 
have been from time to time urged as causes of boiler explo- 
sions, and usually with a confidence and persistence in the | 
inverse proportion to the fitness which would qualify their 1 
propoundera to apeak of thBtn. Un will in guess to know the 
true cause of an explosion on the part of those interested, as 
well as inability of others to scrutinise the facta of the case, 
liave, no doubt, been the means of perpetuatiug much of the j 
speoulative nonsense thai has boen promulL-ated on this subject. ' 

In thia country it haa been mainly through the researches 
and efibrts of Sir W. Fairbairn, the eugiueera of the Man- 
cheater Steam Users' Association, and more recently the engi- 
neera of the Boiler Insurance Compauiea, that explosions have 
been stripped of the mystery in nhich they were shrouded, and 
have been ascribed to their true cause. As a rule, ateam boilen 
explode from one cause alone — overpressure of steau). The , 
term overpressure ia hare used not relatively to the working or I 
blowing-off pressure, but to the strength of the boiler. It 
often happens thftt boilers ata too ^eak Iqi Uio ^rBsaura they 1 
are woried at, aud no acou'aivAa.'twiii ot ^i^etwwe N«s^wsA fti* I 
^ requisite to briug about Iboii: icAvvii'no^- "^^ cuoiveali^^ 
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of a boiler being unfit to bear its working pressure may 
be due — 1, to its original design and power of resistance not 
being understood by those who fix the pressure it works 
at^ a common occurrence, arising from ignorance ; 2, to the 
strength, although originally sufficient to bear the working 
pressure, having been gradually reduced by wear and tear, 
in which case the error is due to negligence ; 3, to the 
strength of the structure becoming suddenly overtaxed and 
diminished, as by sudden unequal contraction, caused by unfore- 
seen circumstances or neglect, when its escaping detection until 
too late may be due to negligence, or, perhaps, in extremely 
rare cases, to those nondescript causes that swell the chapter 
of accidents, from which the carrying on of human affairs appears 
to be inseparable ; 4, to defects in workmanship or material, 
whose presence, in the great majority of cases, can be detected 
by proper inspection and testing, but which may happen in 
rare cases to escape the closest scrutiny, and must be placed in 
the list of humiliating circumstances which remind us of our 
fallibility. 

If we examine these heads more closely, we shall find — 
1, that ignorance of the principles of construction is exhi- 
bited io allowing large fiat surfaces to exist without staying, 
or in wrongly applying intended means to strengthen them. 
Cases are met with of Cornish and Lancashire boilers converted 
into plain flat-ended cylindrical boilers, where the neglect to 
provide for the loss of strength due to the removal of the 
through tubes can only end in disaster. In some descriptions 
of internally fired and furnace boilers, the flue tubes, instead of 
passing from end to end are taken through the shell side, or ara 
made of a horseshoe shape. Their efficiency as longitudinal 
stays is thus done away with, and when no other stays or 
means of imparting strength are substituted — by no means a 
rare occurrence — explosion is likely to follow. 

The following are examples of ignorance of design that have 
led to explosion : — Application of inefficient diagonal stay bars ; 
stay bars attached diagonally to furnace tubes ; longitudinal 
stay bars rendered useless by being bent, or arranged without 
struttiug to clear floats, feed pipes, <fec. ; girder stays of fiat- 
topped fireboxes and combustion chambers cut away in the 
middle to clear steam pipes, &c. ; absence of stay bolts in flat 
fireboxes where needed, or stays not made «v\^c.\Kii\aVj ^\rt^\^5i^\ 
attempting to strengthen flat end platen \>7 «^ASSftTi\a^ \\\^\««^ 
Btaying; abgenoe of encircling &lTeBgt'Vi<&ian\^ x\ft!^ ^x > 
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round large tubes ; removrng these hoops for fear of leailing to 
overheaiiDg ; hoopa i(,p|.ilied iu halves without huviiig their ei 
attached to complete the circle ; angle iron hoopx parCinlly cut 
away to clenr ob^lt^lIctio^a ; hoops applied to elliptical tnbeB, 
as though their efficiency were equal to Bimilur hoops rouud 
circular tubes ; application of too numerous currying bracketi 
to the Bides of ext-eriiall; fired boilers, ho as to iuterfere with 
the freedom to expand aiid contra^:t ; cutting away the sheii- 
plutea for mnnholeH, douiea, and other niouutiuga, without 
making adequate provision for the losa of strength involved ; 
rigidly attachbg boilers to seats or frames, as iu locomotiveB ; 
omitting to stay oval or large circular combuBtion ohamhers to 
shell sides : omitting to provide large weak builer sheila with 
valves opening inwardly ; omitting to allow for spring i 
end plates for the eipansiou of the through tubes in long 
vertical boilers ; omitting to provide against collapse of the 
closed crowns of the flue tubes in some kind^ of vertical furnace 
boilers ; omitting to tie or stiLy the weak &a,t bottoms or topit, 
BM the case may be, or vertical furnace boilers ; omitting to tie 
the sides of some descriptianB of dry bottom fumaoe and 
Butteily boilere. 

2. The defects that arise gradually from wear and tear, such 
as wasting by corrosion and grooving, and which are hkelj 
to seriously impair the strength of the boiler, have already 
been discussed under " Wear and Tear." 

3. The strength of the structure, originally sufficient for the 
pressure, can only become suddenly reduced to a daugerout 
degree by overheating, or overstraiaiug through too sudden 
cooling or escesniie eipsnaion of flue tubes. Overheating may 
b« caused by shortness of water ; by accumulatiou of deposit 
or foreign matter on the furnace or Hue plates aJid tabes ; by 
defective circulation ; by the metal being too thick near tfae 
fire, or by tlie heat baing very intense and conceuiraled, when 
even thin plates with moderately pure water are liflhle to dete- 
riorate ; by the accumulation of air and steam in the upper 
parts of the tubes or cells of "tubulous " and " unit " boilers, 
from which it cannot escape, iu which case the design of th* 
boiler is at fault. 

Shortness of water may be due to leakage of joints, valvee, 

or mountings below the water liue, or by taps or valves beinf 

oare/essiy ieft open. It maj a,Wi \io i\io \o <si.'xM.vb primings 

or, ill vertical boilers containiEg, U^.'iXe «b.X«i,Vi 
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in the feed supply, either through Bhoer neglect to turn on the 
feed in sufficient quantity, or through some accideutal or wilful 
stoppage, hreakage, or detachment of pipe. The back pressure 
vidve sticking or becoming inoperative, or absence of auy back 
pressure feed valve, when the water may be forced back through 
the feed apparatus, or syphoned out from one boiler into 
another, has often led to shortness of water. It may also be 
indirecUy due to the water gauges, floats, &c , being allowed to 
get into such bad condition as to be unreliable, and lead to a 
fake reading of the ^ater leveL 

Accumulation of deposit is usually produced by bad feed 
water. It may take the form of solid hard incrustation, or of 
a thick adhesive paste, lying only in certain parts. The acou- 
mulatiou may aLK> act only in thickening the water, which is, 
however, usually the most dangerous form, as its presence is 
then least suspected. Foreign matters of various kinds are 
often added intentionally to remove incrustation, and are 
sometimes inadvertently left within the boiler after repairs or 
cleaning. The accumulation is promoted by making the boiler 
inaccessible for its removal, and by defective circulation. 

Defective circulation may be due to the design of the boiler, 
from its having too cramped water spaces, which defect becomes 
aggravated by accumulation of incrustation ; from water tubes 
being placed horizontally or with insufficient inclination ; from 
the convection being impeded by overcrowding of tubes, or 
placing them too close over furnace crowns, and from having 
too large a body of dead water lying below the heating surface. 

Too great a thickness may be due to the use of excessively 
thick plates ; to making the amount of lap excessive ; to bad 
arrangement of furnace strengthening hoops, to careless patch- 
ings and to the injudicious application of stajs and top hamper 
on flat firebox and combustion chamber crowns. 

The heat may be too intense and concentrated, like a blow- 
pipe flame, as with some arrangements of furnace boilers, where 
the fomace throat is short, .and the hot gases are delivered 
right on to a plate of the shell or tube, which may be thereby 
gradually distressed and weakened, or rapidly burnt by the 
heat driving the water off the surface. The upper portions of 
horizontal or inclined water tubes being filled with steam, are 
liable to become overheated and destroyed, either slowly or rapidly, 
according to the intensity of the heat they sxe <iij^<^%i^^ \^, 

Theportiona of Rue tubes passing tbioxx^ V^<^ %\>^«.vcl ^^^^^ ^\ 
rertiad boiler^ both liktge and amall, e^peda^^ >9iW\k "C&s^ vaMSi 
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of firegrate is large in propH>ttioi] to the heating Biirface, ara 
likble to overheating and collapse. This renders the irorking 
of Bmall vertical iriterually Gred boilers with ahiiunej flues aa- 
Mfe wheu an unnnual demaud for nteam Rrises, since the fordng 
of the tires is liable to raise the tempemture of the flue pUlM 
to a dangerous degree. Small boilers of this class are almoai 
invariably employed where neight and space are limited, 
they should ooly be used for easy aud regular work. 

Cases of overfltr^uiug through sudden cooling and exoesain 
eipansioii, have already been CDni«idered in tbe chapter oi 
" Wear and Tear." It is obvious that orerheuting from aooa' 
mulation of depoEiit is moat likely to ooonr in plain cyjiudiied 
exteriinlly fired boilers, as the deposit falling from the aides a 
apt to become tbiuk uu the bottom plat«s eKpoaed to tbe flMnSi 
or even over the firi). Tlie Bunie result may hiippen, howevet^ 
when internally fired tubular boilera art very short in propor 
tion to tha size of liregrate, ainco tbe gaties may be siil 
intensely heated before passing underneath the boiler bottoMi 
lu fact, such a boiler is exposed to some of the same risks ut an 
externally firad boiler. 

4. Defects of workmanship and material are most liable b 
escape detection in small veitical boUers and iu multitubulu 
boilera of the locomotive ajid other typaa where the iuiddi 
cannot be examined unless the tubes are removed or the boilfln 
are partially taken to pieces. The defects in workuansl^ 
usually found are careles^ily punched and fractured rivet holM; 
burnt or broken rivets, plates damaged by burning, or fraotarl 
in flanging, diahiug, bending., welding, hammering, aud piiodt' 
ing, iu the boiler yard or during repairs ; defective welding ai 
plates and stays, fractures in the ends of brass and small im 
tubes, and carel<<saly-Becured stays. Old plates are frequeul]^ 
Ksriously damaged by patchiug them with new platea, in the 
process of removing the rivets, iu putting on the new paloh, 
and also by the greater expansion aud coutraction of tb« neW 
plate, when the boiler is at work, especially when it is orei 
the fire. 

Defects of material, such as blisters, lamination, and thoM 

arising oat of the insiiSoieiicy in size of the slab from which tha 

plate ia cut and adhesion of sand or ciuder iu rolling can tooM- 

timeM, but not always, be detpcted by inspection. BrittlflOM 

'X of material, uoksa it \ia g\a.ni\^\3 \)aA, aitt wlAoia be 

\ covered by ordiiiavy inapectiou. ai\At ^ae '' '""" 

\boi2nr m completed. 
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Boileni of the full calonlaied strength are often exploded by 
an accumulation of steam pressure beyond that assigned to 
ihem. 

The overpressure may be due to the total absence, or in- 
adequate size or lift, of safety valves or self-acting means of 
escape for the steam or to the communication between the 
safety valve and boiler being shut off by some valve or other 
^meana. Such an accident may occur when the safety valve is 
^iigndiciously placed on the steam pipe, beyond the steam shut- 
off valve. When the safety valve forms one of a cluster of 
mountings on one pipe or branch from the boiler, it is 
a oommon practice during cleaning and repairs to plug up 
the aperture of the pipe from the inside, to prevent the drip- 
ping of water on those engaged inside the boiler. Now, the 
xisk there is of neglecting to remove the plug, and so endanger- 
ing; the safety of the boiler should never be incurred. The 
safety valve should, therefoie, be always applied as an indepen- 
dent mounting. 

Overpressure may arise from the safety valve being reclilessly 
overweighted, by increasing the length of the lever, or the 
amount of the weight on the lever in valves of this construc- 
tion. It may be caused by screwing down, tying or wedging 
fast the lever or dead weight ; by the sticking fast of the 
lever, valve, or spindles in connection, and by the escape pipe, 
when there is one, becoming plugged up by the water freezing 
or other accident. 

Safety valves of the ordinary lever construction offer the 
greatest facilities for overweighting, which is sometimes resorted 
to when the valve is not tight at the working pressure, through 
faulty design, or for want of re-grinding or proper attention. 

Overweighting is also resorted to in order to make the blow- 
ing-off pressure agree with the telling of a defective pressure 
gauge, or from sheer laziness on the part of the firemen when 
the wish is to save trouble in attending to the boiler. The 
fadlities and tempjiations for overloading may be diminished by 
cutting the lever to the shortest length admissible, or when 
spring balances are used, by preventing the possibility of screw- 
ing down beyond a certain point by the application of ferules 
or other means. By placing the safety valves in a conspicuous 
and open position, so that the addition of irregular weights 
may be at once detected and the wedging ox \i^m*g ^ctnw. t^\^- 
dmd diSovlt, the temptatioa to overload tYie \8\ve^\s^ T^vixsL^:^^. 
The use of dead-wttight valves, of good couaUvsLfi\ivQVL> ^*^ 
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titationary boilers, reiidara oveiloadiag to a danguroiui degre 
no easy task. 

A commoa practice, where little attention is p&id to tKulfl 
raaijagemeiit, is to neilgu <iowa the valve, by iDserting a chiae 
or other ituitatile article between the lever aud top of the gmd 
through which it passes. 

The etickiug fast of the talve inny be due to the metal 
the lid aud seat aeiniug or nedging tight together, by looj 
coiitact or excesaive presuure ; to the beuding of the cental 
spindle, or wedgiug tight of feathers and goidci, by eipanalDil 
or by the thrust from the apiudJa or double eye not aoting pa 
peudicularly on the valve liJ, or by this spindle under tli 
lever stiokiug fast in the bonnet or stufSiig bos, when the vilvi 
is of thu uloBed-in description. Stickiog &st of the lever ii 
often caused by the corrosion of the double eye aod piu at tlu 
fulcniiQ end. In order to avoid this corrosion, the double e^l 
and pin, aud in some ca.°es the lever, are best made of gul 
metal, or vorked on a knife edge, if the condition can be eaa^ 
ascertained at any moment. It is a mistake to use maul 
jfreiise to the safety-valve lever joints, where there is mod 
coal dust or dirt, as the grea.'te rapidly bt^cameH converted iuti 
a sticky mass, that clogs the action of Che lever instead dI 
aiding it, 

lu order to lessen the riak of ovurpresaiire frooi the safetj 
valvB becoming inoperative, every boiler should be provided 
with two safety valves, one of them at least being of thi 
exttrnal dead-weight type, for stationary boilers. Lock-nJ 
valves cannot be recommi-uded, as they become useless aaliial 
frequently eased off their Htata. 

Other circumHtauces ure to be met with besides gradaal •» 
cnmuiatiou of steam premsure, thiit may possibly bring about 
the destniction of a boilor strong enough to bear tbe ordinarj 
pressure at wbich the safety valves blow off. The converaioii 
of the static pressure into a dynamic force, by auddenly 
opening or closing a large steam valve or safety valve, may p»- 
duoe a violent rush of steam and water against tbe part of th» 
boiler whence the steam is drawn. Tbe percussion of the mtsE 
and steam in such cases has been known to shake the wfaott 
fabric of the bailer. When produced by tbe sudden opening 
of the steam junction valve, the percussive aotiou has bam 
known to lift tbe satatj vti^a ■mQmviAara'j ivjlit off its tek^ 
aithough more th&ii Mi iatX i\ato.\A tiQia liia ^\\A (J^' 
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A few cases are recorded of boilers beiog damaged and 
heating apparatus destroyed by the detonation of explosive 
mixtures in the flues. Gases are formed and accumulated 
under certain conditions, from the slow distillation of the coal 
when the damper is closed. On the flre door being suddenly 
opened the rush of air mixing with the gas and becoming sud- 
denly ignited produces an explosion. Harmless explosions of 
this kind on a small scale are very frequent, and it is difficult 
to explain how violent explosions are not more frequent than 
they are. The disturbance of a boiler under steam by such a 
- detonation might so strain it as to bring about an explosion at 
ihe ordinary working pressure. Cases have occurred of exter- 
nally fired boilers, standing empty for cleaning, being seriously 
injured by an explosion of gas, which has found its way through 
acme opening where the valves have been open or fittings 
riamoved. On a lighted lamp or candle beiug applied to the 
manhole, the mixture of gas and air has exploded with a loud 
report and fatal result. 

Explosions of locomotive boilers have been brought about by 

w the fracturing of the shell, caused by the dome being carried 

away in coming in contact with tunnels or overhead bridges, 

or by the shell being pierced by a broken connecting rod when 

mnning. 

Several cases have occurred of the so-called simultaneous 
explosion of two or more boilers working side by side. This is 
usually brought about by the explosion of a single boiler in 
the first instance, from being too weak to bear the steam pres- 
sure, when the projected portions coming in violent contact 
with the other boilers under steam, and producing rupture, 
cause their explosion. 

When a boiler gives way from overpressure or sudden con- 
traction, a rent may be formed or a piece of plate blown out. 
The former is the most usual manner of yielding ; but in both 
cases it will depend upon the strength, nature, and arrangement 
of the material bounding the initial fracture as well as its 
position, and also upon the pressure, temperature, and amount 
of water and steam in the boiler, whether the contents will 
gradually escape through the opening already made, or whether 
in their violent rush they will increase the extent of openmsr 
and make it easy for the steam behind to tear the bo»^' 
several pieces, and cause a violent explosion. 

Now to make tbia more clear, we shaW ^Tft^ coTi«^^^«^ 
JJaence of the podtion of fracture! Maoi^ Qa»e»\iV«'a ^ "^ 



of maubolo li<!a on the crowns of horieontal boilers being hUm 
aloft, either from defect of fiiateniug down or defect of material. 
When the manhole ia properly fortified with a mouthpiece or 
ring the cover ia projected aloft, the ooiilenta gradually escape 
through the bole and the boiler ia laft on its seat (if thia be 
Buffioiently Btrung to withstand the recoil), and probably na 
further damage ia done, eicept to the boiler-house roof- 
Should, however, the same aocideut happen to a manhole coTia 
underneath the boilor, placad near the groimd, the effect will 
be yery different, and it will depend upon the weight of the 
boiler and water ooiitsined, aJBe of maniiole, preaaure of Bteam, 
aod distance of aperture from the ground, whether the bdlet 
and its contents will be merely raised a little &om its seat, 
or whether it will be aliot aloft like a rocket by the unbalaoeoil 
preaaure on the diaoharge of steam. If the manhole were in 
the aide of a vertiod boiler, and near the top, the blowing off 
of the lid into an open space in front would, probably topple 
oyer the boiler if it were not well supported. 

Again, if the manhole in our Rrai case were without any 
proyisioQ for strengtbeiiing tha plate surrounding it, and if tlis 
edges of the plate were reduced iu atreugth by fractures at 
corrosion and wear, tlie ruah of steam and water, on tbe lid 
blowing off, would prob^ibly atart a rent in the ebujl, which ft 
high preatiure within the bniler would continue along the line* 
of least reaistatice, and the result would be a violent explosion, 
the severed plates being carried in different directioos. 

The remarks respecting the blowing away of the manhole 
cover apply also to tbe case of a piece of plate being blown 

It b easy to conceive bow an incipient rent in a pUte may 
be carried on by the same pressure that would be insulhcient to 
commence the rent, when we remember bow easily a piece of ] 
stout paper or cloth is torn through when a rent ia made, ever 
BD slightly, either at the edge or in tbe body uf the material, 
or how easily a stick or cane is torn in two when a nick it 
made in the end. lu all such oases the apparent weaknees of ' 
the material at the initial fracture is due to the unequal man- 
ner in which the divellant utrain is diatiibuted ovbr the fibrBi 
of the material when the rent is once begun. 

"When tlie boiler plates are brittle, the vibration caused by a 
midJeu jar, such as ia pioAucei \iS a. ftaJ Jen rush of water and 
steam, may also have eSect m coutviwii^ ^ ttwft.wM cm<st.>^^^ 
^Am<rm er similar to i^iat wUi^'a 'W''^*^* ^"-^ "-^^ ^iflsgjg^B 
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to break ap so rapidly, onoe they are slightly 
feaotured. 

When one or more portions of a boiler have been separated 
from the rest, and have been lifted and set in motion by the 
pressure, it is easy to conceive how the quantity of steam 
behind given off from a large body of water at a high tempera- 
ture can propel them to a great distaDce. The manner in 
which large masses of plate are completely flattened out shows 
that the disruptive force has been exerted in all directions, and 
not merely in one line to which the first rush of steam and 
water has taken place, as has been assumed by some writers on 
this snbject. 

If a cylindrical shell plate gives way by rending through a 
Ime of rivet holes, or along a line of grooving or external 
ooTTOsion, it will greatly depend upon its mode of connection 
with the adjoining belts of plates whether the rent will extend 
farther than one plate. In the first place, if the rent should 
oocor at a longitudinal seam, either through the rivet holes 
or at the edge of the overlapping plate, in a boiler where 
the riveting extends in a continuous line from end to end, it 
will probably pass right along through several plates, although 
they may be strong compared with the plate where the fracture 
commenced. Should, however, the weak line stop short at the 
edges of the plate, as when the longitudinal seams break joint, 
on giving way, the pressure tending to flatten the plate out will 
cause the rupture to pass through a line of transverse rivet 
holes or tear oS the rivet heads, if the ruptured plate be out- 
side the o^er plates at the ring seam ; but should the overlap 
of the fractured plate be inside the other plate, the flattening 
oat will be resisted, and the longitudinal fracture will probably 
extend to the next plate, still retaining a longitudinal direction 
or striking off in a diagonal direction, according to the position 
of the line of least resistance, which will be varied with the 
manner in which the plate opens out. 

Beferring to the first of the two cases just considered, such 
a plate opening out near the crown of a horizontal boiler, or 
in any part of a locomotive or vertical boiler where the steam 
and water have plenty of room to escape, will probably only 
cause damage by the issuing contents, the rest of the boiler 
remaining undisturbed. But if the rent occur where the 
escaping steam and water come in immediate con.taAt» ^vi\L «^ 
heMVjr taert mass, as, when the plates rend. vawiLft ^ ^xve^ *^^ 
prolmble caaaequence will be that the con^uQidL %\iR»2a^ ^"^ ^"^^ 
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long the transverse fractures, until the boiler is separated into 
two or more pieces, anil pruject, one or nil, to some dUtauce. 

Traneveree seam ripii, wLiob occnr moat frequently in exter- 
nally fire boilers, have alrsady been treated of under the head 
of " Wear and Tear." When these rents occur on the bottom, 
Huring the working of the boiler, and the ireight of the shall 
and its contents is very great, the recoil frequently raises Odb 
end, when the boiler separates, and the lightest or freest pM' 
tion is projected endways to a. distance. 

The abnence of lougitiulinal stays or ties in most eitentally 
fired boilers inoreases the facility of the ends to take Isava of 
each other when ouce the shell is divided. Should the weigbt 
of the boiler and contents be small compared with the piea- 
snre, the recoil will piobably project the whole boiler aloft, 
whan the eipausion of the Hteam will further separate it, and J 
the pieces will fall in different placed. - 

If the BcHm rip be confiued to a short length, the preeann 
may be gradaally released, without lifting the boiler from ill 
seat at all. 

These seam rips on the bottom are somettmos caused by the 
sudden contractiou of the plates on filling the boUer with ctJd 
water whilst the bottom is stili hot after emptying. When not 
detected before the boiler is s«t to work again, the rent may ba 
gently enlarged, as the pressure rises, and allow the contanta 
to escape graduully, without lining the boiler. Cases baiB 
occurred n-here these seam rips, produced by too sudden cool' 
ing, have beun of such a size as to allow the water to escapt 
from the boiler as quickly as it entered, on attempting to refilL 

When a horizontal ilue tube collapses eutirely, without 
fracturing to any great eiteul, the pressure is usually Telieyed 
by the steam escupiu^ through the started seams and small 
fractures. If such a collapse be sudden, there may be a seven 
concassion of the air, but no violent explosion, the boiler ah«ll 
remaining unmoved. But should the tube fracture considerably 
without parting in two as it collapses, the effects may be very 
serious, from the rnah of hot water and steam. When tbs 
rush is towards the confined back end the boiler may be pro- 
jected forward by the recoil ; aud, on the other hand, it the 
contents escape most readily tfom the front end, the boiler may 
not be moved from its seat, but the rush of hot water will b* 
liable to cause all the disa-iteia of an exigbBion, especially 
the boiler is in a cuufitied sitMaVum. \l (.Wwivs 

two, aud ite aaww-j b* b. Vm-sS 
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royed, one or both oDds of the boiler may be blown 
Qg with the tube and part of the shell attached, or 
off, where the ends are not well stayed to shelL 
comotive boilers a collapse of the firebox top plate or 
; of the crown plate in furnace tube vertical boilers, 
sture round the furnace bottom plate, by which the con- 
with shell becomes severed, are liable to lead to violent 
»n, as the reaction consequent upon the downward rush 
contents will carry the boiler aloft, 
ivestigating the cause of a complicated explosion, the 

weights, positions, shapes of the scattered pieces, and 
3ction taken by them must first of all be carefully noted, 
)ir original positions in the boiler be assigned to them, 
dth the positions of the different mountings, manner of 
, and absence or presence of means for streugthening 
)les, manhole, tubes, combustion chambers, <&c. The 
I shape of the shell and large flue tubes should be ascer- 
as accurately as possible. The primary rent is then 
DUght for. In many cases the direction taken by the 

pieces is a guide to this, as the fractured plates, if 
move, will shoot of, the light pieces along with and in 
ection of the first rush of steam, and the heavier pieces 
pposite direction. 

; this, however, is not always the case is obvious, as, for 
e, when the boiler turns over before separating, or where 
ection a piece of the shell would take, if free to move, 
ged by part of it clinging for a time to the larger mass 
;h it may be attached. 

;he edges of the plates and angle irons along the lines of 
e should be carefully examined, in search of weak places, 
; thinness caused by grooving and corrosion, external and 
1, wasting of rivet heads, defective rivet holes, in- 
nt lap, old flaws and fractures, patching and other signs 
kir, indications of softening or deterioration by over- 
r, condition of low-water indicating apparatus, safety 
and pressure gauges. 

ose examination of the shape of the rivet heads and of 
ipes and sizes of the plates and arrangement of seams 
bout the boiler will usually lead to detection of repairs 
hese are not obvious at first sight. The colour and nature 
fractures, and whether they be short or jagged, are the 
lides to the length of time they \ivi^ «i^\^l^ «sA\^^ 
we been produced. 



Overheating from HhortliOB!) of water iiBiia.117 declares itseli 
by the bulging aud buukllug of the plates, by breaking off Hi 
inorustSition ou one side, auil by prodncing a burut appeav 
anoe, along with removal of Boot, itc, ou the other mde, li] 
the starting of the joiiita and melting of fasible plugs, audi) 
furnace tubes also by furmiug cormgations parallel with tiv 
ring Beams. These corrugu tions are produced by the ezceauTI 
expansion of the plates at the part where they oocnr. 

It h very seldom that externally fired boilers explode fen 
shortness of water, although their bursting has often bed 
a^eribed to thix cause. lu fact it haa long been the faabia^ 
whenever a boiler explosion occurs, to endeavour to 'attribute il 
to Bhortuess of wati^. This iB uothtug more than an euj 
method of tihiftmg the responsibility from the makers an! 
owners on to the attendant, who, if not killed by the exploaioo 
in many cases might juut as well he, eo far as his ability t( 
defend himself ia concerned. 

Internally Bred boilBTB, on the other band, frequently d< 
esplode from shortness of water. 

One or more of the defects above indicated will in most cftH 
be found to be the cause of explosion, which may have sccuiro 
at the ordinary vforking pressuro. But if no such defects ou 
be found, and the calculateJ strength of the boiler be suffiden 
for the alleged working or blowing-otf pressure, the conditio 
of the safety valves, levers, weights, springs, double-eyes, pipe 
or branches, niu«t ba still more cliWy inquired into, and tli 
strength of the plates at fractures carefully tested. The allege 
blowiijg'Off pressure must be carefully checked by calculatin 
the weight upon the valve, and the accuracy of the preHOi 
gauge as well as its condition should be ascertained, oud uij 
thing else snggei^ted by the nature of the case that may thnr 
light upon the manner in which the overpressure has bee 
brought about. 

There are still many who maintain that the violence of son 
explosions cannot be ascribed to (gradually accumulated ova 
pressure, and many theories have now and again been start* 
to account for the tremendous force that is made manifest t 
its effects. 

In seeking to assign such a phenomenon as a boiler explo(d( 

to any cause that is known to exist in nature, we must be pi 

pared to show : I, tltat the cause can exist in the case iu que 

tion ; 2, that it is com^etBuV. to ■^t(i4\icb ftio t»miU« ascribed I 

it; and 3, that no otber t.uowa.t»iwo eaii.-BwA'iiia'4iKa*-Ls«(S 
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^ow if we apply the above standardB of reasoning to over- 
iressxire of steam, we know that it offcen does exist and may in 
ilmost any case exist unawares. That it is competent to pro- 
lace the violent results so often exhibited has been proved 
iheoretically and practically. It has been demonstrated by 
E^fessor Airy, that the destructive energy stored up in 1 cubic 
Ebot of water in a boiler working at 60 lbs. pressure, is equal 
bo the destructive energy of 1 lb. of gunpowder ; and it has 
been shown by the experiments of the Franklin Institute, that 
a^radnally accumulated steam pressure in ordinary wrought-iron 
boilers can produce a violent explosion. That other causes can 
produce similar results cannot be disputed, as vessels of com- 
pressed air and gases have sometimes burst with terrific etfect. 
On examining, however, the usual effects of a boiler explosion, 
they are not what we should expect from a discharge of ex- 
plosive gases, detonating compounds, or electricity, which would 
act instantaneously and shatter the plates receiving the fall 
force of the discharge into small fragments. 

The tearing up of a boiler on explosion although rapid is not 
instantaneous, and the somewhat gradual developement of the 
force stored up in the highly-heated water keeps up a con- 
tinuous pressure behind the separating pieces, which is better 
calculated to hurl them to a great distance than a force acting 
instantaneously and suddenly dissipated. 

That electricity might be developed in a steam boiler, under 
certain conditions, there can be little doubt, but it is difficult 
to conceive how any large quantity can accumulate within a 
boiler either in direct or indirect communication with the earth. 

It has long been known that a current of steam sometimes 
exhibits electrical conditions. The invention of the Armstrong 
hydro-electric machine, was suggested by the circumstance of a 
workman experiencing a smart shock from a jet of steam coming 
in contact with one hand whilst the other touched the safety 
valve from which the jet issued. Faraday, who took up the 
question, proved that the development of electricity was solely 
due to the friction of the suspended humid particles against the 
sides of the orifice through which the steam passed ; and that 
it was in no manner due to the change in the state of the water 
in the boiler. He also showed that the same effect could be 
produced from the friction of a current of humid air, and that 
electricity cannot be developed from a current of dry steam 
or air. 

AdmittiDg tha,t the presence of e\ec^in.d\i';} m «sv ^^^^soAir) 
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boiler is not impoaaible, it jet remains to be Bhown that it 
could exist in a. sta^te of htgli tension, And yet, agiiii, huvit 
conld briug ubout an eiploaios, accompanied b; the iisnal welt 
known resultB. 

That a BmaU quantity of eteam might be decotnxiCHed in t 
boiler by coming in contact with plates that have accidentally 
become red hot cannot be disputed, but that the deoompodtion 
could oocnr to any oooaiderabk extent with oiydised plates ia 
well-nigh impoeeible. The hydrogeu liberated by the decom- 
ptnitiou ia not explosive, and would require to be united and 
iutimatiily mixed with its equivalent of oxygen, and then ig- 
nited to prodace tin ezploaion.. 

Supposing the oxygen to be admitted with the feed watM 
and that the ignition conld be effected by red-hot plates or ui 
electric spark, it still remaina to be idiown how the gases txnUi 
possibly become so intimately mixed in presence of the large 
body of abeam and nitrogen present in the boiler as to forma 
detonating oompoAind. Again, aBnuming that nearly all the 
steam could be ducomposed, the hydrogen would only bnra 
quietly iu the presence of oxygen aa it becomes liberated on thi 
red-hot surface of the plates ; and in any case, its power to 
produce an exploaiou ia extremely improbable. 

But to take the most extreme view of the case, and assuming 
the sudden formation of a vacuum within the boiler by the onicn 
of the two gases to take place, it is still by no means olear how 
the bnrsting of the Hhell would follow iu consequence, as tbs 
vaonum formed oouLd ouly be local and iusignidcaiit with t 
large quantity of steam and nitrogen in the boiler. 

With respect to the superheating theory, the moiiiM operandi 
in nsnaliy supposed to be sojuetliiug like the following. ~" 
plates are allowed to become intensely heated by the wace 
falling too low or from other causes, and communicate IfaoiT 
heat to the steam iu the boiler. On the water being agitated 
and carried aloft aa spray, by the action conaequeni upon tlis 
sudden opening of the steam stop valve, safety valve or 
inlet, a large quantity of steam is produced and the pres 
suddenly raised above the resisting power of the boiler. ' 
the ateam might become highly superheated, and the water in 
ft divided state might be brought into contact with it cannot bt 
diaputeci. But when we consider the condensation that wonld 
take place, and the small total quantity of heat contained evn 
ia a large volume of ateam, BvffiwfciA i«iA\l\Qwal pressure 
aot be produced to buiat a Wioi ■swii. i tawnwiliK. 



le of pressure can be calculated as follows : 
In & boiler working at 60 lbs. and having a steam space of 180 
<nibi« feet, suppose the steam to be rained in temperatare or 
Bnperheated from 307° to 800°, tie voluma would be increaaed 
in the ratio of 1 + (0'00203 x 275) : I + (0-00303 x 768), or 
* 2 '56. If the same steam pressure is maiat^ned in 
the boiler the weight of steam, which iu the first tastance was 
SI '5 lbs. will be reduced to about 20 lbs. This quantity of 
diy steam wilt have about 18000 uuits of latent heat, and iu 
felling from 800° to 307° will render 20x0 '480 (800-307) = 
4732 '8 units of sensible heat available for raising steam aud- 
dealy, or only an amount competent to generate a quantity of 
cteam from wiiter at 307°, equal to about one quarter of that 
already in the boiler, which would cause a rise of pressure equal 
to 15 lbs. only. The pressure might also be augmented at the 
> time by the water coming in contact with the red-hot 
platee : 30 square feet of |" plates heated to a temperature of 
900° would give 450x 'lU X (900- 307) = 30421 units of 
heat in the plates available for sudden evaporation, or sufficient 
Iieat to convert about 34 lbs. of water or f cubic foot at 307° 
into steam. As the 180 oubic feet of steam weighed 31 '5 lbs. 
tUs pressure will be increased by 71 lbs., whence we have a 
total pressure of 60 + 15 + 71 — 146 lbs., which certainly might 
be sufiicient to causa an explosion, if the steam were suddenly 
generated, or more rapidly than it could escape. 

But the conclusion arrived a,t from general experience, and 
from experiments expressly undertaken by Mr. Fleteher and 
others to solve this question, is that a large quantity of steam 
cannot be suddenly generated by tiirowing water on to red-hot 
plates. Severe overheating of boiler sheUs or furnace tubes will 
start the riveted joints, and offer a further means of escape for 
the Bteam as it is formed. 

Explosions from overheating are mora likely to be produced 
[ \iy the softening and yielding of the plates at the ordinary pres- 
7 by the sudden contraction of tha plates on having 
I water thrown on to them, than by any sudden augmentation 
of pressure, the production of which is entirely hypothetical. 
Beyond a certain quantity, the larger the body of water thrown 
on to a given weight of red-h et plates the less will be the 
amount of steam formed. It may aUo be remarked that in 
ordinary boilers, where the feed inlet is near the bottom, aud- 
dpniy turning on the feed water wiU. not bkaW*! St o-jci 'Coa"^'*, 
e ihe woikiag water level, «\keie Qiet^aa>^\a%,'N! 






likely to occur, but the water will gr&dnalljr rise up the 

The Loiilunfroat pbenomenon, u it is OHlled, or the tendencf 
of small (juaiititieB of water, wheu thrown on to bighl7 beuted 
plates, to a^ume the epberoiilal eonditioti, and to evaiiorala 
suddenly on coming in contact with the plates when the tempe- 
rature is lowered, has been often adduced as a cause of explo- 
sion. The exact application «f this theory is, however, by oo 
means clear, and the aasumed delay of the water in evaparating 
ia antagonistic to the audden-evaporation-from-overbeatiiig 
theory. It is difficult to see how the evaporation by ebullitian 
of a large quantity of water in. on ordiuary boiler could be long 
delayed, as is assumed in this theory, without reducing tiw 
temperature of the water below that sufficient to produce an 

Slight reports in the region of the furnace have sometimea 
been heard previous to the grikdual buL^g of the furnace pUtta 
from overheating in boilers containing very greasy watar. 
These have been ascri1>ed to the water assuming the spheroidal 
state, but there is no reduction of the temperature in audi 
cases to account for the sudden evaporation of the supposed 
spheroids. It may be said of this theory that tbe conditions il 
assumes cannot be proved to exist in an ordinary overheated 
boiler, and that we have no means of knowing whether th^ 
would be competent to produce explosion if they did exist. 

There is reason to believe that the tendency of greasy water 
to cohere and resist ebullition through not touching the plate^ 
or, in other words, to becoma spheroidal, ia more likely to bo 
the cause than the effect of the overheating of fumaoe plates. 

When the air usuaUy contained in water has been expelled 
by boiling, the water, if kept perfectly quiet, can be heattd 
from 70° to 80" beyond its ordiuary boiling point without any 
sign of ebulUtion ; but, on tbe sligbteat disturbance or Bgitation 
of tbe water so superheated, a, large quantity of steam is 
denly formed. If the pressure above ia at tbe same 
reduced, aa by drawing oif steam, the rush of newly fonnad 
steam will carry the water before it wi th gr^at force against tlw 
boiler crown. It is probably this action that producei 
concussion Eometimes felt when standing on a boiler whilst Chs 
ateam is suddenly drawn off on starting the engine. Under 
certaia conditions the sudden generation of steam might pro- 
tfuoe a preseure above thai ^^ m\i\c\i'kiia anS^-^ -s^Viea are set t« 
blow off, and thia, together ■wi& 'i.Va ioraa tA ■un.'iwh. -^M 
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bring about the explosion of a very weak boiler, but not of one 
bavlDg a proper margin of strength. 

The practioe of ascribing steam-boiler explosions to obscure 
causes has been productive of much mischief, as it engenders a 
oareleasness on the part of owners and attendants, who have 
been led to believe that no amount of care will avail against the 
mysterious agents at work within a boiler. 

Considering the too frequent want of care and knowledge oir 
the part of those having the charge of boilers, and the great 
number of dangerous defects that are almost daily discovered 
by trained inspectors, the mystery to be solved is — how so 
many boilers escape explosion at the ordinary working pressure, 
and not, — what has been the cause of the disaster when an 
explosion does occur ? 

The reader will find much valuable information about the 
cauaes and prevention of boiler explosions in the monthly 
reports of Mr. L. E. Fletcher, Chief Engineer of the Man- 
chester Steam Users' Association ; and in the annual reports of 
Mr. E. B. Marten, Chief Engineer of the Midland Steam Boiler 
Inq;>eotion and Assurance Company ; of Mr. K. B. Longridge, 
of the Boiler Insurance and Steam Power Company ; and of 
Hr. Hiller, of the National Boiler Insurance Company. 





CHAPTER Xin. 

COMBUSTION OF COAL. 

CoMBiTanon IB tbe name given to any rapid cuemieal uaaa 
attended with great heat and. light Tbe combuation that 
takes place over our fire grates and gaa buraers, is tbe chemiol 
oombinatton of oiygen with carbou aiid hydrogen. The oxygen 
is sDpplied by the air where it ia associated with nitrogen, from 
which it readily separates. The carbon and hydrogen are pre- 
sent in the fuel and gas, and on being sufficiently heated bj 
the application of a light or other well-known means, the 
attraction between them and the oxygen becomes strong enougli 
to cause them to combine with it. The application of heat ia 
necessary to start the process of combuBtion, which is sirapl; 
one of rapid oxidation ; but the chemical change afterwaiiii 
produces more than sufGcieut beat to carry it on. The pro- 
duction of heat by combustion is usually ascribed to the impact 
of the atoms of oxygen against those of the other combustible, 
as they dash together on entering into chemical combination. 

The amount of heat produced by the combustion of difiereat 
bodies, or their total heat of combuatiou, has been i^pniii- 
mately determined by experiment, and is usually expressed a 
pounds of water raised 1'^ Fahrenheit (or conversely, in unmbet 
of degrees 1 lb. of water is raised) by 1 lb. of substance com- 
bining with oxygen. The standard unit of heat in this countiy, 
or British thermal unit, is the quantity of heat that will ruM 
1 lb. of water 1° Fahrenheit at its greatest density, which ia tt > 
tampejature of 39 1°. 

All substances combine chemically in certain proportioni 
only, both hy weight and volume, which are called their 
chemical equivalents. The equivalents by weight and volume 
of tbe elements and compounds with which we are concemvd, 
are given in the annexeA tab\e, ^toai.»\iida &« tooi\n.MU(g pro- 
portiona of the combai.UUe sataaUncea <^a>wx«%^^') -^ -^ .i 
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The condengntion of the elementary bodies hj cbemicd 
binntion ia BJiowii Id the fourth columo. The elomeuta in atiiii> 
ipharic SOT are not chemicnlly combiced. Carbonic oiide is not 
formed directly from the union of the elamentB carbon »nd 
oxygen, but from the union of the oompound carbonic atnd with 
oxygen. 

The volume of a given weight of gaa at any temperature, can 
readily be aaoertaiiied from the aiiih oolunan aa follows . — Let 
V = volume at 02°, and V =r volume at any required, temperir 

ture ( , then V = V ( l . 

\ 523-2 J 
Carbon, almost the only elocaent contained in good coke, and 
the principal element in coal, combines with oxygen to [»^nce 
two different gasea, according to the proportiona in which the 
combination is efiucted, viz,, carbonic acid when the combustioii 
IB perfect, and carbonic oxide when the cotnbtintion is inoom- 
plete. llie acid ia composed of one equivalent by weight of 
carbon (C, j) and two of oxygen (Oj ,), or 1 lb. of carbon com- 
bines with 2§ lbs. of oxygen and forma 3| lbs. of carbonic acid 
gas. The carbon which is Bolld iu the fuel passes during 
combustion into the gnseous state. The volume of the oarbonis 
add gas is equal to that of the original 2| lbs. of oxygen, 
and the quantity of hent produced by the combinatioa h 
14,600 units, as given in the table on page 251. This wonU 
be the amount of heat from the oombustion of every pound 
of carbon in the furnace, if completely consumed ; but, should 
the layer of incnndusoent coke or caibon be thick in proportion 
to the quantity of air suppliud through the Sre grate, ths 
oxjgen of the carbonic acid will recombine with another lib, 
of carbon, and form 4| lbs. of carbonic oxide gas. By thii 
aeoond combination the volume of the gaa is doubled, and a 
large amount of heat is rendered latent in performing the 
iuterior work of expanding the gas and oonverting the aolid 
carbon into vapour. The heat produced now falls from 
14,500 units to 8800 units, the amount due to the imperfect 
combustion of 2 !bs. oarbfiu, showing a loss of sen.iiblo heat 
equal to 5?00 units. Wlien the combustion stops at thli 
stage for wont of air, the lo^s of sensible heat and waste of Aiel 
ia evidently very great. But when a suSicieut supply of tceA 
air ia at hand, the 4| Iba. of oxide reoombine ^ain with U 
additional 2^ lbs. of oxygen, Tuaking 7^^'*^ "^ carbonic loii 
gas. The volume is hereby iD4v\wi io "iXib!!. iA %^\a», cn:^^^^^ 
pad tba 6?00 unito of latent hta*, «w ■agAiawA '■iiMiai|j|| 
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total quantity of heat due to the last combination being 8800 
+ 6700 + 14,600 = 29,000 = the amount due to the perfect 
eombostion of 2 lbs. carbon. 

The total heat of steam at atmospheric pressure being 1178*1, 
1 lb. of carbon should convert 

^^^^^^ =12-91 lbs. of water at 62° 
1178 1— .62 

into steam of atmospheric pressure. 

This is assuming a perfect evaporative efficiency, and all the 
heat to be utilised. The best results in practice, however, fall 
far short of this. In locomotive boilers, where the best coke, 
consisting almost entirely of carbon is still, although rarely, 
used, the maximum evaporation under favourable conditions 
may be taken at 9*6 lbs. of water from 62°, showing a loss of 
about 20 per cent, of heat. The reason of this will be shown 
below. 

Hydrogen is not supplied in the free state to our furnaces, 
bat is usually present as a component of the hydrocarbons, 
snch as pitch, tar, olefiant gas, &c. contained in the coal. 
Two equivalents, by weight, of hydrogen (H^) combine with one 
of oxygen (O^ g), or 1 lb. of the former with 8 lbs. of the latter, 
and form 9 lbs. of water which pass off in a state of vapour. 
The quantity of oxygen is, in this case, three times as much as 
we had for the carbon. By volume, two of hydrogen combine 
with one of oxygen, the resulting aqueous vapour having the 
same volume as the hydrogen. Its calorific power being 
62,032 units, we have then by 1 lb. of hydrogen — 

. 62,032_ ^ gg .gg j^g ^^ ^^^^^ ^^ ggo 
1178 1°— 62 

converted into steam of atmospheric pressure. 

When hydrogen and oxygen are present in the fuel in the 
the proportions to form water, they combine as such, and do 
not increase the heat of combustion ; but, along with any other 
water that may be present, act injuriously in reducing the 
temperature of the furnace by absorbing a considerable amount 
of heat by their conversion into vapour. In order to ascertain 
the heating power of hydrogen contained in any fuel along 
with oxygen, we have to subtract one part by weight of the 
former, for every eight parts of th©\«A^.et^ wi^^iorMsAKt ^-^ 
the surplus hj^drogen as having an^ YieaVvsk^ ^^o-^^t. 
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Tha hydrocarlions are the first uonstituents of ooal 
upon bj tlie heut of tlie furnace, aud luiaa readily iuta iba 
gaseous state which they muat assume before they are bant. 
To the volatile nature of the hydrocarbons is dua tha flaming 
property of the coals containing them. 

The dilferent kinds of coal such as noa-bituminous or snthnr 
cite, slightly bituminous or anthracitic, semi-bit uminous, and 
bitaininons, of ohicli an analysis is giyen in the annexed table, 
can be distinguished by their appearance, but the character 
of diSerent varieties of each kind cannot always be dettinnilieil 
by the colour, lustre, cleavage, ibo. , as many sap[)Ose. 

The Anthracite, or hard atone-like coal of South Wales, ■ 
lustrous ID appearance. It is difficult to bum, requiring a very 
stroDg draught, high temperature, and considerable atten- 
tion. When dry, it bums without Same or smoke, like cbke, 
since it contains no hydrocarbons, and, although it gives out 
an intense local heat, it is not adapted for burning in a steam 
boiler furnace, and is consequently little used as a steam coaL 

Slightly bituminous, or Anthracitic coal, found abnudantly 
in Soulh Wales, contains a, small amount of hydrocarbons, and 
is, for many kinds of boilers, decidedly the best steam ooal ie 
poBsesB. Ifo further proof of this ts required than &b large 
price it fetches for marine boilers, where semi-bituminous ooal 
of good quality is to be had at a much cheaper rate. It b a bee 
burning coal, usually with a abort flame, and requires little atten- 
tion. It swells considerably, aud falls rapidly to pieces in the 
furnace, but does not cake, and the best quaKties yield bsl 
little olinker and ash. It is often called amokeleas, but moat 
of the beat qualities emit a light vapoury smoke. It will 
not bear rough usage, and crumbles nipidly after long eipoaoie 
to the atmosphere, which circumstance, together with the 
quantity lost in soma descriptions by foiling through the Gn 
bars in oonaequence of its decrepitation by the heat, causes a 
large waste, often equal to 15 per cent In conseqaenoe of 
■ this it is ofteu advisable to mix this with a harder kind of 
cool, to enable the dust to be utilised. The small amoDat 
of skill and attention for smokeless and eoononioal firing it 
requires when compared with most kinds of semt-bitUimiiiMi 
oool, is actually the circunut:tnce to which its greater value it 
due. 

The semi-bituminoua ooal containing a considerable, bvt 
varying amount of hjdrocwXioirt, ia mova lueA than any othet 
" " 1 for Bteam boUws. &>bio ieawivWoa «a» ^*r. \,Mnxdi^ 
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A TBSATISB OH STBAH BdlLEItS. | 

whilst others calce very mneh ; all of good quality burn eaidly 
with OB ordinai'j draught, and emit a considenble amount of 
smolce niileBs HpecUl care ii used to prevent it. 

The best stesm coals of thia class are chofleo for their Kmall 
amount of ash and clinker, bSirdnesa, and non-caldng quality, 
which tend to diminish the attention required to bum tbem 
ecoDomicallf. The properties of aemi-bitumiiwui ooal vary 
considerably, nod it is almost impo»»iible to tell ttte qiinHtj from 
the appeuranCE), apHrl from »ucb defects as are indicated by the 
presence of stone, iron pyrites, or other foreign matters. 
Mauy rich, small, hot coals that are not snitable tot boiler 
fumaoes when used alone, owing to their tendency to oalie, can 
be BucoeBsfuUy burnt if mixed with a harder free burning ooal ; 
and, indeed, the beat reaulta both in evaporation, speed, and 
economy, are to be obtained by a judicioua mixing of two oi 
more properly selected descriptioDi of coaL Bitiiminoaa coal 
contaiAB more tarry matter than the above, and is beat utilised* 
for gas making. 

The kind of cool containing the largest amount of bttamen, 
of which the Boghead Canuel may be taken as a type, although 
lather an extreme one, being regarded by some as not being s 
cool at all, is without lustre, of a greyiuh or brownish black 
colour, It yields a very large quantity of oah and dlinker, and 
is not suitable for steaming. It is employed almost exclusively 
for gas making, for which the large amount of contained bydto- 
carbons renders it moat suitable. 

Coke is the solid carbon aud other tnoterial left i 
volatile ingredients are driven off by partial combustian in coke 
ovens, or by slow distillation iu flue retorts. The former ii 
much the bent for boiler fuel. Much small semi-bituminooa 
caking coal, rich in carbon, but which would be comparatively 
worthless for boiler furnaces, forms into large pieces in the coke 
ovens, and becom»a h valuable coke for locomotive boilers. 

Some patent fuels are also made by compressing into monldt 
and heating in retorts, small coal of good quality, that would 
otherwise be wanted. It is thni formed into compact solid 
blodu, without the ezpulsio-n of the hydrocarbons. I^toh 
or other combuatible gubstonces may be added when the ocwl 
does not contain a Biiflicieut quantity of bituminous or | 
matter to make it cohere properly. 
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The total heat of combuntion of a BubattLDce such as coke or 
coat osD be fooiid by takiDg the sum of the qunutitiee of beat 
whioh are g^ren by the combuatioo of its component parte 
tnkeD Mparately. If wa ta^e, for example, the qunlitj of 
coke given in the above table, we have for the total beat of 
oombnstiou when completely burot '94 tb. carboo x 14,600 — 
13630 nDita. Thia does not, however, give as the temperature 
of the rmuttjng carbonic acid. To fiud this, the beat of coni- 
haetiou mnst be divided by the total weight of the gas multiplied 
by ita spedfio beat, which we assume Uotq \a \» Tnu%\Kv>N> ^ '■^ 
We h&Te also to goobUlU <ibB Victb lA Xnm-^ieitr 



ture due to the Bbsorption of heat bj the nitrogen, wtiicli ftinni 
the principal bulk of the air for combustion. 

Weight of oxygen = 2'51 lbs. 
„ nitrogen := 8-81Glbs. 

ll-3261bs.of dr. 

Carbonic acid 3 '45 lbs. x '216 = -745 
Nitrogen . 8*82 lbs. X "244 = 2-153 



Therefore elevation of temperature Kbov» atmoapher 
__ 13630 _ ,.i„ot-,u. 



For the more complicated proceae of combustion, when coali 
burnt, let UB examine that of 1 lb. of average Newcastla ooa 
Here we have — 



Carbon - ■821 lbs. 
Hyiirogen = -053 lbs. 
Oiygen = '067 lbs. 

Making ailowance for the water due to 
oiygen and hydrogen together we get — 



.(■053- ■?!?).. 0. 



The quantitiea therefore stand — 

Carbon = -821 Iba. 
Hydrogen = '046 „ 
Water = -004 „ 

Carbon '821 x 14500 = 11904 units of heafc 
Hjdrogen '046 x C2u32 = 2853 „ 
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total keat of oombastion — 

Oxygen required for Og = 21811)8. 
„ „ HjO = -368 lbs. 



Total oxygen consumed = 2*6481b8. 
Assooiated nitrogen in air • = 8*918 lb& 



Total quantity of air consumed . = 11*466 IVs. 

Resulting carbonic add . . . 3 lbs. x '216= 648 

(Water in coal . . •064') 

Steam -( „ from hydrogen V -47 8 lbs. x '480= -229 

{ burnt . . -414^ 

Nitrogen . • . . • 8 918 lbs. X -244 = 2 176 

a053 

To find the elevation of temperature in this case we must 
deduct the latent heat in the steam from the total heat of com.- 
bustion, when we get — 

U758-(966°x >478 ) ^ ^^3^0 ^ .i.^^^ion 
3 063 

of temperature above the atmosphere. 

We find from the above results that the total heat of com- 
bustion of coal compared with that of coke is greater, whilst 
the elevation of temperature of the products is less. This is 
owing to the heat absorbed in raising the temperature of the 
increased quantity of air required in burniDg coal, and also in 
consequence of the heat rendered latent iu evaporating the 
water in the fuel. The respective temperatures here assigned 
are never realised in practice, owing to the cooling effect of the 
unbumt air, plates and material in the furnace. The quantity 
of heat absorbed by the ashes and other ingredients in the fuel, 
which is however comparatively small, should also be taken into 
account in estimating the exact temperature due to the combus- 
tion of any fuel 

The theoretical amount, of aii Teqtux^ lot vcl^ ^^\^ V^^ 
depends upon the chemical compo^tiou ol ^Si^iaXi^^^^s^^'a^^'^ 



"(■'-0 



For all kimh of coal ami coke the minimum weiglit of wtw 
quired may be taken at 12lbFi. p«r lb. of fuel, tile variation on 
either aide of thiu quantity being immaterial. 

It must not, however, be oaiumed that coal or coka can bt 
properly bur ut in a boili^ fuillace with any thiug like so small Bl 
amouut of air as tbb. Since carbon cannot betnMtnomicaLlyboiut 
in the presence of the carbonic acid formed, this gaa molt bs 
diluted with a auuHiderublo tj^uaiitity of oxygeu or inr to ta 
ready for combustion with the carbon it meets witL 
neoBBsary reserved quantity of air for dilution will vary il 
funouut according to the manner of its distribution, and tb < 
\eloiiity with which it is forced amongst the burning fueL 

When the pieces of coal are small and of a, caking natnitt'i 
they form into a large solid ma.°s over the bars, restricting lll> 
pasnage of air to a few spaces, especially when the draugbtis- 
moderate, and a large amount of ojtygfn paSF^ea in conseqaeue*' 
unbumt through tbe lire. Wlieu the dranght is serere good 
coking coal can be burnt with a good result, and some dtw 
tioua of this coal ate highly prized by thaso who koow hov M 
ute tbem. With slightly bitumiuoua or seaii- bituminous i 
caking coal in large or small piucoa the bulk of air pa 
through the grate is more or less minutely divided, and « 
favourably diffused for combining with the carbon. 

From various experiments conducted nnder different circ 
stances it appears that for an ordiuary chimney draught tili 
weight of air required for dilntion may be taken as equal to 
that required for combustion, 'rhi.t gives as 24 Iba. 
qua:itity of air required for each pound of fuel But wfa^ ^ 
air is driven with great velocity by a strong draught unmi|rt 
the buruing fuel tbe combination with tbe oxygen ia i 
readily effected, uid a smaller quantity of air is required. With 
very powerful chimney, or artiQcial draught, the weight of sstn 
air required is found to be considerably leas thnu the above, ■ 
may be taken as one and a half the uiiumum quantity, mak 
28 lbs. per lb. of fuel. 

In burning aemi-bitiimmona sAca.n\ tijii»».i»TOsAet«.Wa i^iiaiilj^ 
f traaii ail is itt^>A ba eowi»v\B*ui 'silii. liot.>*5^ 
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abore the layer of coal, and must be admitted directly to the 
gasea either at the famace front or at the bridge, or, which ia 
perhaps better, at both, unless the furnace is specially designed 
for air admission to the sides or middle of the space above the 
faeL Whichever plan is adopted too great care cannot be 
taken, to admit the air in small jets by perforations or other 
■neans^ especially when its direction is parallel with the current 
ei gases. This ensures a better mixing, and prevents to a very 
material degree the undesirable cooting effect of introducing a 
large volume of cold air in one place, which is liable to defeat 
the end for which it is introduced. 

As the chemical action between the fuel and the oxygen can 
only take place when the two are in intimate contact, the 
rapidity and completeness of combustion and intensity of heat 
wOl be increased by increasing the number of points of contact, 
or by reducing the size of the pieces of fuel. The ultimate con- 
dnsaon to be drawn from this is that coal should be used as 
dusty or, still better, as gas, in order to afford the greatest 
fjMsilities for perfect combustion. No doubt this conclusion is 
theoretically correct, and the latter mode will in time be brought 
largely into practice* The principal difficulty in the employ- 
ment of these methods, especially the former, is to arrive at 
and apply successfully the proper quantity of air for admixture. 

With boilers having a good chimney it is usual to have a 
damper for regulating the draught or altering the quantity of 
air admitted. For every description of boiler the most econo- 
mical rate of idr admission will depend upon the general and 
detailed arrangemcent of furnace, quality of coal, ratio of grate 
area to effective heating surface, <Stc. When this rate is 
exceeded, or, in other words, when the fire is forced, it does 
not of necessity fc^ow that a large amount of unbumt oxygen 
will escape to the dmnney. Whether this will take place or 
not will depend upon the distribution and thickness of coal on 
the giate, &cility afforded for mixing the air with the gases as 
they leave the furnaces, and amount of air introduced other- 
wise than through the fire bars. It may happen, as indeed it 
onially does with skilful firing, that the quantity of free oxygen 
in the chimney decreases as the force of the draught is increased, 
since the quantity of the coal properly consumed increases still 
mofTS rapidly, in consequence of the more intimate contact 
with the oxygen eaused by the more rapid draught. 

The evil ot toroed Sriog is generally to \>e io\x\i^ m ^<^ WSw 
iluU the ioeiraased veZooity of the gasee dimi^s^<ws ^^<b ^^S»ski5us<s 
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of the bestiDg surfaoe, aa will be shown below, the qiiantitj' d M 
heftt extracted by the boiler depeudiiig upon the length of liuu 
the piuducta of combuation are allowad to be iu contact nith 
the absorbing surface. 

Should, however, the volume of nnbutnt air diacharged info 
the ohiraney increase with the forced firing the result will be k 
waate of heat equal in amount to that absorbed by the increawd 
quantity of air admitted, in addition to the loss due to the ill- 
created velocity of the gaaes. 

When tbe Bupply of air is too small imperfect combiiHtioii ia 
the result, oauaiug either smoke oi the formntion of carbouia 
oxide, or both, according to the nature of the fuel and diitribu- 
tion of the air. The loss of heat owing to the formatdon of 
carbonic oxide is frequently 25 per cent, of the whole amoniit 
due to the most economical supply of air. Tbe carbonic oxidi 
is invisible, but its prtseuce is sometimes revealed, enpucially in 
coke burning, when on opening the fire door it burns wiWl a 
blue flame, aa it becomes ignited by contact with tbe cold frrah 
air. When burnt with oxygen at a high tBmperature the colimr 
of the flame ia yellow. 

Dry carbon burns without flame. When flame ia seen abovs 
a coke or charcoal fije it is caused by the burning of carbonia 
oxide, or of hydrogen, which has found access to the 6re either 
in the moisture absorbed by the fuel, or from some steam or 
vapour passing through the bars with the draught. 

If we take the actual quantity of air required for burning 
coke as |, and that for semi- bituminous coal aa double thi 
theoretical quantity, we shall find tbe elevatlooa of temperatun 
to be respectively 3215° and 2478% the total heat of comhw- 
tion being aa above 14630 units and 14758 uuits. 

The distinction is here seen betneen the total heat of aaa- 
bustion and the temperature of the products of combustion, or 
between the quantity and intensity of heat, the latter being 
mnob greater in fuel containing little or no hydrogen, although 
a less quautity of heat is produced. The cause of tbi» 1* 
evident : in burning, carbon requires for its perfect combostioB 
but one third the weight of oxygen or air required by an equsi 
amount of hydrogen, producing a corresponding small weight d 
carbonio acid, compared with the steam produced by the com- 
faustion of the hydrogen. Again, the specific heat of oarbonit 
acid gas is leas than one-<\iiarteF that of steam, and it is npca 
tie weight and Bpecifio \iBa*i o^ \.Vie ^oft-QcX* lA iwn&b'.ution lli*l 



mperatmtn daeead* » 
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bustioiL MoreoYer, in bamiiig dry carbon or coke, there is 
but little or no steam to render latent any of the heat. 

But the intensity of the heat given out by a piece of coal 
during its combustion will be proportionate to the rapidity with 
which it boms. The element of time is therefore of great 
importance in oonsideriog the heating efifect of any given kind 
of fneL The theoretical intensity of heat of two different 
qualities of coal, calculated from their chemical analysis, might 
be nearly alike, yet, with the same ordinary draught one kind 
might be a quick buruiug ** lively '' coal» of loose structure, 
deyeloping an intense heat during its rapid combustion in a 
boiler furnace, whilst the other may be very compact and slow 
bumiog, the heat developed not being intense compared with 
the first. The calorific intensity of slow burning coal is 
diminished by the loss of heat that takes place by conduction 
and radiation. 

Although the combustion of hydrogen produces the largest 
amount of heat of any known combustible under favourable 
conditions, the large quantity of air required for its combustion 
in an ordinary boiler furnace renders the attainment of a high 
temperature by it impossible. 

The reason is thus obvious for making coal into coke and 
wood into charcoal when a very high temperature is required. 
A given quantity of coal properly bmiit, and where the heat is 
all utilised, will evaporate more water than the same weight of 
eoke, but twenty times the weight of coal cannot in practice be 
made to produce the same temperature that is produced by the 
coke, and this is why it is so valuable for smelting purposes 
where an intense heat is required and where the products of 
combustion are brought into contact with the material to be 
heated. 

The following are the temperatures T produced by the perfect 
combustion of X lb. of substance with its minimum quantity of 
air, and T' the temperature of 1 lb. with oxygen without 
nitrogen v-^ 

fiydrogen : T = J^^^^Z^^^^^ ^ !\ = *?83« & T' = 1 2346^ 
^ ^ (28 X -244) + (9 X '480) 

Carbon: T =■ . — ;- ^^ , = 4723^ & T' = 18308*' 

(3 -67 X -216) + (9 -33 x •244) 
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ese KK more combustible or bum more "lively" tl 

d are therefore aiiperior iu rapidity of oombuation and 
iva velocity per foot of fire grate, or, ia other Ton 
ae more steam in a given time. When spaed of evaj 
a desideratum, the semi -bit uminoiia coals have a 
vantage over tbeir rivals. They are also about 50 p« 
rder to Tesiat hammerieg aod rough usage than the 
ioh, when broken by a hammer, splinter into tn 
ilat the semi- bituminous coaU merely break throtig 
es of cleavage. 

These experiments prove that with care, aemi-bitl 
ttls of good quality can be burnt witbout any smoka, M 
sir evaporative power is iuoreaaed when the fomu 
oke is properly pteveuted. 
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OBre and skill in firing and arranging the famace for each kind 
of coal are connderably higher than are attained in ordinary 
work, and more especially in the case of the semi-bituminous 
coal, where the necessary attention required for ecouomical 
smoke prevention cannot always be counted upon. The soot 
deposited from the flame of these coals soon forms a coating 
over the heating surface, which cannot be removed so frequently 
in actual work as during a series of experiments, and speedily 
impairs the steaming power of the boiler. Forciog the fires 
then becomes necessary, unless there be a large margin of boiler 
power, and both smoke prevention and evaporative economy 
become well-nigh impossible. The facility ofiered by good 
North country coals for rapid combustion tends greatly to cause 
carelessness on the part of the fireman, and it may be questioned 
whether their great combustibility is always an advantage, 
leading as it does to wasteful consumption ; the required evapo- 
ration being maintained by '^ blazing away " the coals^ instead 
of dose attention to the stoking and keeping a well-spread 
and clean fire. 

With the same description of boiler and furnace the heat of 
the escaping gases, when long-fiaming semi-bituminous coals are 
burnt, is likely to be higher than when coals having a shorter 
flame are used. With the former the generation of the heat is 
spread over a greater length of surface by the long flame, and 
has consequently a shorter run for its absorption. In the latter 
case nearly all "tiie heat at a very high temperature is generated 
on the bars, and can be taken up by the greater length of 
surface it has to traverse. For this reason shorter grates are 
required in burning semi-bituminous or long flaming coal than 
lor a coal containing a less quantity of volatile ingredients, such 
as the South Wales steam coal, in order to obtain the same 
evaporative economy. This has been proved by numerous 
experiments, and also that the provisions for air admission and 
mode of firing best adapted for one kind of coal may be totally 
unfitted for another kind. The type of boiler and furnace should 
always be adapted to the kind and quality of coal to be em- 
ployed. It is no exaggeration that boHers and furnaces can be 
selected which would give 50 per cent, higher duty with one 
kind of coal than with another, whilst in other boilers the 
superiority might be reversed. 

In conducting competitive coal trials in any given locality the 
coal that has been carried the greatest dklsiuc^ S&Y^l^I \A\^\sk. 
the wont condiidou for testing. Bouib. ^s^»a c»^ \ar^a^ ^^ 
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the Tyne is placed at a diBadvaatage witibi its rival, which caa 
be procared fresh wroTi^t from the pit, whilst at Cardiff the 
advantage would be on the other side. Owing, however, to 
the friable nature of the best Welsh steam coal, it deteriorates 
much more rapidly than its rival from the north, by shipment aod 
transport, as well as by lying in store exposed to the atmosphexa 







CHAPTER XIV. 

SMOKE PREVENTION AND FIRING. 

Iir DOtuidering the rationale of Bmoka making and prevention, 
i ia adviaable at the oatset to explain what amoke really is, ae 
Sure exieta oonsiderable uuBunit ere tnn ding on thi^ point. 

When afresh charge of Bemi-bitamiuousooaU, such ae ordinarj 

l^orth oonntry house cool IB thrown on to the fire, in Hufficient 

giiMitity to preveut th« immediate formation of flame, a volume 

rfgas or vapour UHually of a dork yellov or brown, or bluisli 

Uaok colour, as seen against the dark background of the fire- 

, is given off. The quantity eTolted will be greatest 

the ooal is very small. This gas, or vapour, ia commonly 

atlled smoke, but it is not what ia mesut by that term when 

in apeaking of the smoke-nuisance, and does not deposit 

loot. The colour of the gas aa it inxues from the chimney will 

|reatly depend upon the character and distanoe of the baok- 

Irouud Bgaiust which it ia aeen, upon the nature of the light it 

weD by, whether it is transmitted or reflected, the former 

■nding a yellowish, and the latter a bluish, tint. 

A^aiust a dark background of brickwork or hills, it appears 

ey or blue ; against dark douda, light bronn or grey, or is 

it visible at all ; aud againat white clouds or a blue sky, brown 

yellow, but never quite black, or like true smoke. 

If a sheet of white paper be held over the vapour as it 

oapee from the coal and there ia uo flame, the . sheet 

rill become slowly coated with a sticky matter of brown 

ilonr difficult to remove, and having a strong tarry or 

llpburous smell. This colour and smell ore due to the tarry 

ktter, sulfibur, and other volatile ingredients in the gas, 

deprived of these colouring matters, the vapour ia a carburettcd 

rdrogen (chiefly olefiant gaa, aud marsh gas), or a chemical 

ixture of hydrogen and carbon, and nearly the tAS^e ua ^^ 

ilourless gaa by which our bounes are \ig\vWi. 

tilien the charge o£ coals aud the eacav^ft «>to'QI«&. ^?»"i 
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Imto attuned a considerablB temperature, the latter can 1 
ignited on the application of a light or by stiniug the fire, f 
coloured Tapoar will now be Tiaible above the flame u Bee 
Mgiunat the back of the fireplace, but if we hold a cloan sheet ( 
paper above the fiame, we shall find along with a, greatly dim 
uiKhed amouut of adhesive colouring matter a deposit of ao 
black amuts, or partioieB of carbon, different in oolonr h 
nature from the other deposit. A chemical change has take 
place, one result of which ia the appearance of thi?Be earbo 
particles which were not viuible before. The carburette 
hydrogen gaa on becoming ignited ia converted iuto flume, or i 
other words, hy the atd of the heat the hydrogen of the gaa hi 
entered into chemical union with the oxygen of the air, pn 
duciiig flame aod heat by their union and forming wstQ 
which passes off in iuvisible steam. At the same time, tli 
carbon, which was preseot although invisible in the gas, hi 
been liberated, and is partially couaumed and partially depoaitc 
on the cold paper ia minute visible particles. 

In SiQ open fireplace where the surrounding temper&tore ' 
low the ignition of the hydrogen, and consequently the fonm 
tion of flame is essential to the liberation of these carbonaoeoi 
particles which in their minute state are carried aloft hy tt 
ascending current of etaaia and gases, or are deposited as aoi 
on the surfaces with which they come in contact. It is tl 
volume of vapour and gases coloured by the carboa partial 
that funns smoke, properly so called. On iaauing from tl 
chimney these particles, if uot carried away hy their envelop 
medium which is always of conFiiderabla volume (a ton of 00 
properly consumed giving off nearly half a ton of watef 
would fall at once as a oloud of light black dust. The oolonr 
the smoke will be light or dark accordiug to (he proportion i 
carbon paiticlea preiit-nt In the gasea. 

The carbon contained iu our lighting gas can he rendoi 
visible, iu a somewhat similar manner to the above, by prewdi 
a colli white plate or saucer down upon a jet of burning gi 
As the o!i:fiant and marsh gases issue from the burner they ■ 
decomposed by the heat ; the hydrogen is partially separati 
from the carbon, and being more inflammable, burns first wil 
llame, in which the carbon particles are highly heated, i 
sufficient oiygen can come in contaet with the carbon wij 
still at a high tempeiitMre, ^i Vi\\. \« ^liint without smoke, W 
fay cooling it with the RuriacB Qlfti6-^\?k'i»\rfQt6'*«j «wJmbI 
tfoa ia efleoted, the carbon ia Aepoaxtoi aa -^ot^ Wa wd^ 
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Smoke may be fonned even witb an abundant supply of 
oxygen at hand for combination with the carboD, by cooling 
down the flame below the temperature necessary for iguiting the 
carbon, before the union is effected. Thia may be done by 
surrounding the flame with a good conductor of heat at a low 
temperature. 

It would thus appear that the liberation of the carbonaceous 
partidesy and consequently the appearance of true smoke takes 
place only after the formation of flame. This is true only so 
far as it applies to an open fireplace, or jet of lighting gas, 
where the temperature of the surrounding atmosphere is 
low. 

In dose furnaces where a high temperature is maintained, 
the carbon may be liberated from the gases by the heat without 
the combination of the hydrogen, and consequently without the 
presence of flame, smoke or soot being the possible result, as 
in the other case. 

Smoke in all cases can be avoided simply by bringing a 
supply of fresh air in contact with the carbon while it is red 
hot in the flame, or at a sufficiently high temperature to combine 
with the oxygen. The combination passes off as invisible 
carbonic acid gas. 

What is required then is the presence of sufficient air and a 
sufficiently high temperature. In our domestic fireplaces, we 
usually have the former, but as a very small quantity passes 
through the bars, the great bulk is of a very low temperature, 
and steals away the heat before the chemical union of the 
carbon and oxygen can be effected. In a boiler furnace, on the 
other hand, tiiere is always a sufficiently high temperature, 
unless the furnace be choked with fresh fuel ; but the supply 
of air, especially above the fuel, ia too often wanting. The 
supply of air in sufficient quantity to the upper portion of the 
furnace, at the back, or front, or middle, or sides, is the object 
of all good plans for smoke prevention. 

A mode of getting rid of the smoke by consuming it was 
formerly frequently, and still is to some extent resorted to with- 
out the direct introduction of air to the hot gases. The smoke 
onoe formed, is allowed to mix with carbonic acid at a high 
heat, a second furnace being sometimes provided for the pur- 
pose, when the solid particles of carbon are dissolved in the gas 
producing carbonic oxide. The result of this method is a 
considerable waste instead of a saving of fwol^ «.W>\:LQiv\^ ^!ck^ 
Bppemmace of smoke m&j be prevenWd. 1\i^ ^wi \B^^a^.^s^ 
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reDd^red economicaJ bj tlte introduction of a supply of freah 
ail at the right time aud plsca. 

As flame is esseiitial to the prodnotioQ of smoke at a lor I 
eorroniKliiig temperature, it ia eTideut that if the hydrocarbom 
can ba expelled nithont flame, and the temper^iitiire at the si 
time kept down, there nill he no smoke. lu order to cany 
this into practice it is only uecessai]' to dampen t' 
fcafficiently with wat«r or to nix vrilh them some si 
such as bark, coutainiiig moisture. The absorption of the heat 
by the fresh charge of ooak and ateatn given off along with the 
gases as well as its interception by the caking of the cmI 
which is increased by this treatment, keeps the upper porticn 
of the furuace at BO low a temperaturf, that the hydro 
escape in the unburtit slate, without the formation of rial 
smoke, but at a great snchiice of fuel and speed of eraporatioik 

The prevention of smoke by this method is sonietimM 
wrODijIy UBcribed to the water introduced along with the cmI, 
being decomposed by the beat, when the liberated oxygen ia 
said to combine with the carbonaceous panicles. But iinforta>- 
uately for this theory, when the hydrocarbons do ignite, tha 
presence of water seums ratber to increase the quantity c* 
smoke than diminish ii. 

As has been already observed, steam can be decomposed hf. 
passing it through a body of iucandesaeut fuel, and the n 
is of service in some meltiug furnaces, but it is difflcolt hi 
perceive how any economical advantage is to be obtained lif 
applying it to boiler furnaces (unless it is wanted for n 
flame), where it is also likely to reduce the firebars very n 

Again, by regulating the draught, and by simply throiriat 
on Eufliiiieut cool to choke and cool the furnace, the igniti 
the hydrocarbons con be prevented, but as they paaa offni 
consumed, this method of smoke prevention is also wry n 
of fuel, besides having the disadvantage of making steam 8loi](|rl| 
and ill termit tent] y, eB[ieciaIly when the coal i 
nature, since it cannot be stirred before the hydroeaibons hi 
es(»peil, 

Some plans to prevent smoke by closing the damper aj 
reducing the draiight at the time of firing have been tried, il 
have always failed, except where the formation of flame U 
been prevented. The draught should be increased iusteadN 
tJiminished for a !<hoTt time after firing, in order to give A 
most economical resuU, 

With a yiew to obviaite ^ibn cVi!>^i u^ordim ■A.'i^ 
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plaies, which exticgoiah the flame onmiig in contact with them 
hefoie the combustion of the carbon particles is completed, 
varions plans have been tried for completing the combustion in 
fire brick reverberatory fomaces erected in front of the boiler. 

In furnaces of this kind there is often a greater loss of heat 
by radiation and conduction than in a furnace either inside of 
or directly underneath the boiler, and the extra cost involved 
in their erection and maintenance not being compensated by 
any corresponding saving in fuel, operates against tiieir general 
adoption. This plan of delaying the utilisation of the heat 
until the combustion is complete is no doubt theoretically 
correct, but most attempts to carry it out in practice have 
£uled in economy, probably owing to the loss of the radiant 
hatki from the incandescent fuel 



FIBTNa. 

The thickness of the fire and its mode of distribution on the 

grate must be regulated by the size, quality, and nature of the 

loel, the force of the draught and the facilities for effective air 

Admission. When coke and good -sized coals, containing a 

mall proportion of hydrocarbons are used, sufficient air for 

^perfect combustion ci^ be made to pass through the fire bars 

'f iritii a good draught, provided that the fire, generally speaking, 

Si>4oeB not exceed 8" in thickness. With a forced draught, as in 

-Jooomotive boilers, this thickness may be greatly increased, but 

M^ it dependent in a great measure upon the size of the pieces 

r*Qd character of the fueL 

By careful firing, and admitting a sufficient quantity of fresh 
.^ directly to the hydrocarbons, nearly any kind of semi- 
(llitaminous steam coal can be burnt without smoke. 

In using round semi-bituminous non-caking coal of the best 
Penality, a fire in ordinary sized furnaces from 10" to 14" 
^hiok is the best for economical combustion, care being taken 
ttiai safficient, but not too much, air is admitted for admixture 
^th the combustible gases whilst they are still at a very high 
^Omperature. The best mode of firing most kinds of good smoky 
^Qal of this description is to pile it up on the dead plate, in order 
^ allow the Yolatileingredients to be expelled by the heat radiated 
^d difTosed through the furnace. These ingredients, mixing 
^ith an adequate supply of air entering through the provisions 
t^ the fiimaoe door or front, ignite in paasin^ o'vot ^Sci^ \\^N» 

Oa^ Mnd Mie completely consumed. 

^•1 



The mass piled np at iha door becomes gntduallj 
into oolce, and od being pushed forward over the fire at the i 
charge ia htirnt priucipally by the air -which passes throngh 
bars. Some furnaces require to be altered for the saccessfal cai 
ing out of this " coking " method of firing, which gives 
most ecoDOmicnl, though not the most rapid evaporatiou. 
pieces of coal should not be introduced larger than the 
a man's fist. The fire will require recharging every 20 
minnttfs, according to the draught, combuatibi]ity of the ea 
and size of furnace. 

If the coal ia small and cakea very much, thia pll 
admissible, and regular firing with moderate charges at from 
to 15 minutes' intervals must be adopted. With two famaoea, 
is best to fire alternately, and not one immediately after 
other, in order to maintain as much as possible a ste 
evaporation, and to prevent a double volume of smoke appM 
lag in case any should be produced. When the width of 
furnace permits, it is also advisable in most cases to emi 
" aide " firing, that is, to throw the coal on each aide of 
fire alternately, always leaving one side bright, ao aa nflt 
cool the whole furnace at once. Iliis method is prefsnUs 
the " spreading " system which is commonly employed. ~ 
can be no doubt that this last is the best uiode of firingi 
rapid evaporation, but it is the least ecof omicat and the 
difficult for avoiding smoke making, unless very small iihi 
at short intervals are introduced. 

The number of shovelfuls thrown on at each chai^ with 
aide firing and spreading firing will vary from 4 to ' ' 
to the size and quality of fuel, intensity of draught, and 
of evaporation required. 

In itaing small coals- — slack, duff, pease, or beans, the 
are diseug^iged almost instantaneously nhen a charge is thni 
on to a hot fire, and cause a difficulty of admixture with thtj 
even when a sufficient supply is present. The only wlJ^ 
prevent smoke when using slack, without wetting it, is to' 
up an almost continuous t5riug with small charges in old 
aid the mixing of air with the gases. With limited l 
power, however, tbis method cannot be successfully empbj 
as the cooling efiect of the large and frequent volume it I 
air entering through the open furnace door checks the 
raising of steam, and even where the boiler power allow 
this plan being carried o-nt, l^ie ^ota.TOft ot air which 
USbRrnt is &i too to^" toi£6aA>!« tt» isBi\!iQ-sms«&.A 
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inetiiod oonristent with a due regard for the economy of 
fueL 

For the most eoonomioal method of burijing slack without 
pirodaciDg smoke, mechanical firing must be resorted to. Thi« 
anableB a small and regular supply of fuel to be introduced 
without the admission of too much air ; in fact, the supply of 
air may by niore than one method of mechanical firing be too 
mach restricted, and cause a waste of heat by the production of 
oarbonic oxide. This is, however, seldom the case and the error 
d having too thin and open a fire, which allows too much air to 
pMs off unbumt, is the rule. 

. The steady evaporation ensured by a good arrangement of 
s^iechaniftal firing is sometimes a serious objection to its employ-* 
icAmty where the quantity of steam required varies quickly and 
-to a conniderable amount. Another objection urged agaiusl 
- >Mtt systems of mechanical firing is that the speed of evapora- 
S^ioD is inferior to hand firing. This can in most cases be ob- 
f'-^ttted by altering the rate of feeding, thickness of fire, and 
rdotaHs of furnace. 

t With good round coal, hand firing is preferable to any de- 
llMption of mechanical firing, with respect to both rapidity and 
Neonomy of evaporation, whilst very little skill is required for 
^ tatisfiBbctory prevention of smoke when there is sufficient boiler 
tK>wer. 

The size of the perforations for the admission of air through 
^he furnace front should not exceed ^" diameter, and the 8um 
Df iheir areas should not be less than 2" per square foot of fire 
fokte, and in some cases requires to be as much as ^" per square 
*Oot of grate surface. 

Perforated dead-plates are sometimes used with advantage, 
^d in nkany cases when the supply entering by the perforations 
^ not sufficient for consuming the smoke, the furnace door may 
be left ajar for a minute or two after firing. 

As to whether the admission of air above the fire requires to 
be regulated for the different stages of combustion, there is a 
cliversity of opinion. It is contended that as the largest amount 
i« required when the gases are evolved immediately after firing, 
the quantity admitted, when constant, must be too great for 
fche last stages of combustion if merely sufficient for the first, 
and a loss of heat must be the result. This argument applies 
Vith greatest force to the spreading system^ where the rec^uisite 
quantity of air after charging is greatest, wv^ NiVviX^a \Jv^^ ^»R»?$fe 
'jf the gaaea k aoouest completed. But "w\i«ix tJiaft QttV^%>«^'«^«-'^^ 
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is oniployeil the evoiutioa oF the hydrocorboiiB is more gradlrf 
and oontinues fur some leugtk of lime, during tbe wliole a(] 
whiah the admiwion of tur is iiecosHuy. Ezperiuients, i'ecanled| 
bj Peclet, ou a boiler with prorisions for admitting aii abon] 
the fuel, having an ares of '16 the air space of the fira gnteil 
showed that the quantitf introduced through tha bars iiiui]a>| 
diately after each charge was veij amall ; tliat tha qosutitf I 
increased as the coal became oonverted into coke, atid at tha 
end of the interval between Sring it was about four Limes M; 
great *b at the beginning. The quantitj of air aduutted \tj I 
the openings above the fuel remained iiearl]' constant. I 

These results distinotly show that with any but the coldiyj 
system of firing, the air admission shove the fuel should oBijl 
laet until the hjdrocarboDs are expellod, that is, two or tbmj 
minutes after firing. 

With a constant admiasion of air to the upper part of Ui» 
furnace, even on the coking principle, the speed of evapor&tafBj 
is UBuallf diniiniiihcd, although Bmoka is prevented, llii) il 
why BO mnjiy engiueers and firemen object to the plan ot i&l 
mitting air above the fire. 

The difficulty caused by the diminution in ih.e spt 
evaporation points to the greatest obstacle economical a 
preventors have to contend with, namely, the want of si 
boiler power. There are many boilers worked so hard thaitbtj 
admission of air above the fuel in barely sufficient quanti^ to, 
prevent smoke, reduces the rate of evaporation below that re- 1 
quired. Boilers working under such conditions are buniiifJ 
their fuel with a great waste, and althou{>h the evapotatioaj 
may be rapid it is at a sacrifice of economy. Oa the oUM ' 
hand, the fact of the necessity of having so maeb boiler poweT) J 
shows that the cooling efiect of admitting a considerable qiBB-j 
tity to prevent smoke may not always be economical. 

The fact is, that in many cases no economical gain has b«9 
obtained by a complete smoke-pre ventiou but just the revcoM 
This may be aceoucted for on the supposition that the tncrcH) 
of heat due to the buruing of the hydrocarbons is sometiow 
oonnterbalanced by the lowering of the temperature by tha tt- 
CMS of air after the fuel is oonverted into coke, or that thcnil 
an excessive admission of air when the hydrocarboTJS are evolvwl, 
or that the facilities for mixing the air with (he gases at tU 
right time and place titq imafficvauk. Poclet records sous ef- 
pprinients where it ■was {oquA Uiat sra V)ni%«a\^ie\e'w»&kl«iiff» 
rotnma of carbonio aciA vbaa tiae ovsit«.u.Na -iia «*^^d^H 



FIRING. 271 

nnt, the smoke was thick ; that it began to dear when the two 
Tolames were equal, and disappeared when the volume of free 
oxygen was equal to twice that of the carbonic acid. 

It is frequently found necessary to shorten the fire grate in 
order to maintain the evaporativ^e economy, when a furnace is 
altered with a view to prevent smoke by admitting air directly . 
to the gases evolved from the coaL In very many boilers the 
length of fire grate is excessive. Whenever it exceeds 6 feet it 
is Inmost certain to be productive of waste, as the grate beyond 
this length is beyond the control of the stoker in the majority 
of furnaces. Indeed, there are thousands of boilers working 
with 6-foot grates, which might with great advantage be reduced 
by from 1 2 to 24 inches in length. A large grate by burning 
more fuel will raise more steam in a given time tlian a smaller 
grate, but the increase of evaporation will not bo proportionate 
to the increased quantity of fuel consumed. The shorter the 
grate the more economical will be the consumption. In fact, 
the economical limit to shortening the grate is only fixed by the 
power of producing sufficient steam without burning the coal 
too rapidly for complete combustion, by distressing the fire with 
too frequent stirring. 

Gases are to be found where the difficulty of keeping a very 
large grate covered increases so rapidly with the strength of the 
draughty that the production of steam is actually reduced as the 
di^aught is increased, in spite of the greater consumption of fueL 
This is owing to the quantity of unburnt air, which passes 
through one portion of the grate, increasing more rapidly than 
the quantity of heat generated on the rest of the grate. In 
such cases a reduction of the size of the grate, or force of the 
draught, will be followed both by speed and economy of evapo- 
ration, and less attention will be required in firing. 

The bars of internally fired boilers are frequently placed too 
high, the advantages of a large combustion space to aid the 
mixing of the air with the hydrocarbons, of a large furnace 
surface for absorbing the radiant heat from the fuel, and of a 
thick fire for burning all kinds of good steam coal, being too 
frequently sacrificed for the single advantage of an inch or two 
more width of grate. 

The distance of the bars from the bottom of externally fired 
boilers may be varied within considerable limits^ accoYd.vck% \ft 
the size of boiler, intensity of draught, ii«A.\ix^ oi ^oA^ ^\^^ 
ihicknt-BB ofGre. A distance of 14" or 1^" itom Vcve; ^\j.\iA.<i«^ ^'^ 
tbeSre to the boiler pls^tea appears to \>© aV>o\x\. ^^ ^^^'^ ^M'ax'a.'S 
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height. By increasing the dintanoe much of the efiect of tW 
ladiant beat is lost, aiid by bringiug the fire too near the boiler 
there ia a ILibility of damaging the plates, and of extiugoialmie 
the flame, impairing the combustion, and producing Hmolce. 

The weight of fuel in pouads per hour burnt on each sqnais 
foot of grate ia termed the rate of comhuHtinn, and depsDili 
upon the draught and combustibility of the fuel. The rat* of 
combuBtion varies with different closaea of boilers, and in dif- 
ferent districta. The following may be taken as the avartige 
practice with semi-bituminoua coals, 

lbs. per squan M 
of graM pec liWi 
Lowest rata of combustiou in Cornish boilers 4 
Usual rata in Corumh boilers . . 10 

Usual rata iu externally firud and internally 

fired Factory boilers . . . . 10 "to 18 
Usual rate iu Mariua boilers . . . 14 to 26 
„ „ in tiocomotive boilers, with blast 
pipe 60 to 130 

The maiimum rate of combustion of aami-bituminous stewn 
coal, with air-ad mission through the grata and above the fire 
and with chimney draught, is about 40 lbs., but the evaporattTe 
economy decreases rapidly with a combustion exceeding 3011m. 
The maximura rate of slightly-bituminous steam coal with lit- 
adinisaioii through the grate only is about 35 lbs., but even 
below this rate the iutensa hast given out by these coals h*> 
baen found to fuse the bars tapidly. Their evaporative economy 
decreases with a more rapid rate of combustion than 26 lbs. 
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CHAPTER XV. 

HEATING SURFACE. 

The eyaporatiye power of a boiler mainly depends upon the 
efficiency of its heating surface, whose duty is to trausfer the 
heat from the products of combustion without to the water 
within. 

The heat is comihunicated to the transmitting surface in two 
diiferent ways, — by radiation and by contact ; and from two 
or three different hot masses in the furnace, viz., the solid in- 
candescent fuel, the flame, and the hot gases produced by com- 
bustion. Beyond the furnace bridge or tube plate the heat is 
imparted by contact and radiation from the flame and gases 
only. 

The amount of heat transmitted by radiation from one body 
to another diminishes as the square of the distance between the 
bcidies increases. The effect on any surface is also diminished 
by any increase in the inclination at which the rays fall 
upon it. 

The radiation from solid incandescent fuel is greater than 
from flame, whilst transparent hot gases scarcely radiate any 
heat at all. The more intense the contact heat of the flame 
by thorough mixture with the air, the less is the heat by 
radiation. 

Conduction is the transfer of heat either between the par- 
ticles of the same body, or between the parts of different bodies 
in contact, and it is distinguished respectively as internal and 
external conduction. The rate at which the former takes plac« 
in metal plates is very much greater than the latter, where the 
heat passes from the hot mass to the plates, and from these 
again to the water. 

The efficiency of any heating surface may be defined as the 
proportion borne by the amount of heat it transmits to the 
whole amount available for transmission, and in this sense the 
term efficiency will be here used. The coiidv^<^vA Q»\!i. ^\^>^ 
tbia etHciency depends are as foUowa ; — 
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1 . The extent oF siu&oe acted upon by the b 
tact with, the naiter. 

2. Its positioti Had arrangemeDt with respect to the heating 
madiam od one side and the water on the other. 

3. Tho DHture, condition, and tbtakneBs of the solid body 
forming the heating; surface. 

4. The ditTerpnce of temperature between the he&t on ou 
aide of the sulid body and the wnter nod ateani un the othar. 

B. The time allowed for tho tratiJmii<siou of heat 
6. Tho nature of the hentioB medium, and the mann^ in 
which the heat ia communioatad, whether from incandeBoent 
fuel, flame, or heated gas, and whether the heat ia oommnni. 
cated by radiation or by contact 

1. In estimating tho extent of heating finrface it ia CQstomaty 
to take the whole area of furnace, combustion chamber, flnes, 
water tubes, iba., in contact with the heat on one side and the 
water and steam on the other, and to consider the eraporatiTe 
power of the boiler as proportional to the total Dumber of square 
feet of surface thus found. It is evidnnt this method would be 
correct if every unit of heating surface ponaessed the sasia 
transmitting value. As we shall presently see, however, thi« il 
not the case, &nd altliough the efficiency of the surface may be 
iuereaned by extending it, it does not follow that the increase of 
efficiency is in direct proportion to the increase of extent, bat 
is greatly dependent npon the other conditions enumerated. 

2. Owing to the low coaductiiig power of water the appHoi- 
tinn of heitt to its upper surface is almost entirely neeleu for 
wanning the mass of water beuanth. Inflammable liquids floating 
on water can be burnt without raising it 1° in temparsture, 
whilst generating snfiicieDt heat to evaporate the whole maiB jf 
applied below instead of above. 

In order to obtain the greateBt effect the heat should be 
applied to tho bottom of a vessel containing water, and when 
the heating meilium is inside a veRael surrounded by water it 
should be applied to the crown. In both caaea the heat ii dif- 
fused through the liquid maas by convection. When water ii 
heated it beoouies lighter and ascends, being displaced by ■ 
descending oolumn of colder wa.ter ; but when the wateris hs^ed 
by the bottom of a vessel or tiAewith which it is in oontaot, on 
becoming lighter it clinga to the surface above it, and diffiiBel 
DO heat downwards. 
ill Tredgoid's work on Waft (Acran cn^e it ia recorded ^^ 
I "Idr. Aimstroiig{oundLtlu.b«ca^u^'m»'w^'>^^'>^ v^>WM|^ 
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in water, and heated from within, generated steam from its 
upper surface more than twice as fast per unit of area than it 
did from the sides when vertijal, and that the bottom yielded 
none at all. These remai'kable differences are owing to the 
difficulty with which steam separates from a vertical surface to 
give place to fresh charges of water, and to the impossibility of 
leaving the inverted surface at all. By slightly inclining the 
box the elevated side much more easily parted with the steam, 
and the rate of evaporation was increased ; while on the depressed 
side the steam hung so sluggishly as to lead to an overheating 
of the metaL" 

A flat horizontal surface not too far above the layer of fuel 
is usually considered to be the most favourable for raising 
steam. By being made concave to the fire it has, however, the 
farther advantages of being still better adapted for receiving 
the radiant heat ; of facilitating the access of fresh supplies of 
water to replace the heated ascending particles, and thereby 
promoting the circulation ; of boiling off the matters deposited 
from the water, and so preventing incrustation ; and of being 
stronger, and in some canes more durable. 

Next in efficiency to the flat surface with the water above 
comes the sloping surface surrounding the fire, which is superior 
to one in a vertical position, as it receives the rays of heat at a < 
more favourable angle, and allows the steam bubbles to escape 
more freely. The sides of locomotive fire boxes for these 
reasons, as well as for improving the size of the usually too con- 
tracted water spaces, are beat made sloping, although the area 
of the crown is thereb}' somewhat diminished. 

In the locomotive class of boilers the fire box tube plate acts 
perhaps as effectively as the crown in transmitting the heat per 
unit of area, the rapid impingement of the flame and hot gases 
against it compensating for any disadvantage due to its vertical 
position. The efficiency of the crown is too often impaired by 
its t>p hamper, in the shape of stays, ferrules, bolts, <fec. 

From what has already been stated it is obvious that the 
value of any horizontal surface beneath the fire, whether flat or 
curved, is inappreciable, and not worth consideration as heating 
surface. In externally fired boilers the heating surface is 
usually convex to the fire. This is by many regarded as in- 
ferior to a concave surface, probably because it is not so well 
adapted for directly receiving the radiant heat from the fire, and 
does not appear to offer an equal faciiVty tot caxcvs^-aiCviTi* ^\>c»Rk 
results obtaiaed from this descripUoii oi e^wti^Ai^ m ^•(:X\>:s^ ^^^Cft. 
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do not Rppesr to verify this cranclKMon. The inferior erBpora- 
tive power unually alleged of the ordin&cy eiterDally fired 
boiler IB, in groat meMure, due to the dissipatioQ of heat u 
furnace. 

Where the containing vesBcl is smroiinded by the heating 
medium, as in water tube boilers, aad in the " bouilleiil 
elephant boilers, the top side cannot be considered as effective 
heating mirfoce, in coDKeqiience of the manner in which the 
Eteam remainH in contact with it. The efficiency of these tubea 
■urrounded by heat ahould increase rapidly with the preasure, 
since the space occupied by the steam will decrease as the prss' 
sure is augnieiited, and the circulation will be improved. ~~ 
■ides hold an intermediate portion between the top and bottom, 
which latter may fae taken as completely effective in absorbing 
and transmitting the heat. Taking the efficiency of the top i: 
0, and that of the bottom as 1, that of each of the two aides 
will cODsequenlly be ^, and the average of the whole c 
ference 



o*\*l*i 



■J 



■ 



phowing that the whole surface utilises only one half the 
quantity of heat it wonld utilise if it were all equally at 
as tlie bottom. In like manner the effective area of a tube 
internally heated will be found to be only one-half its total 
area. In plain cylindrical externally fired boilers only the 
unijer half of the circumference is exposed to the beat, whilst in 
an internally hred tubular boiler the whole surface of the tul>e | 
beyond the bridge (when clean) is exposed. If we take the 
ratio of the diameter of the externally heated boiler and inter- 
nally herttod tube as 2 : 1, the whole surface exposed will be 
equal in both for a given length of boiler, but the efftctive 
surface will be in the ratio of 3 : 2 in favour of the eitemaUj 
fired boiler. 

On leaving the furnace the flame and hot gases c 
contact with heating surface, which may consist of intemlil 
tubea of widely diffi-'i-ent sizeB, and oT elliptical, circular, or i 
tangular cross section ; comhwstion chamburs ; horizontal, 
clined, or vertical water tubes ; and the flat or round e 
and curved bottoms and sid«a of the boiler shell. Ab w« 
have already seen, the uppet ■^■rtAim ol Vnxvujatal iotertwl 
, tdiwa forms th« moat efeeti^o waB^'^^i'^ wa'iiK>i,>iife % 
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and hottest portions of the gases coming in contact with it on 
one side, and the steam escaping readily from the other. The 
vpper surface of the tube on the fire side is kept tolerably clean 
*by the intense heat and current of hot air when the draught is 
^Bot slnggiBh. The water side is kept comparatively free of 
: incrustation when the deposited matters carried up by the 
ebullition are not prevented from passing away and settling 
where the water is quiet. For this reason, and also to allow 
the rising steam to escape freely, sufiScient space should be left 
between the tubes in a multitubular boiler, — about i their 
diuneter. For facility of cleaning or washing out, and also to 
&cilitate the escape of the steam as it is generated, a cluster of 
all horizontal tubes are best arranged in vertical rows, and 
iot zig-zag, or in rows runniDg at an angle of 30° or 60% which 
done for the sake of getting the greatest possible nimiber of 
tubes in a given area of tube plate. 

The crowding of tubes in multitubular boilers is often carried 
to an extreme, especially in the locomotives on some of the Con- 
i^ental railways, with the view of getting more surface, but 
Mthout regarding the other conditions of steam raising. Heating 
Hiirface in the abstract is one thing, its efSciency is another, 
^eoretically, the spaces between the tubes should increase with 
the distance from the lowest row of tubes. In arranging them 
in vertical rows this can only be attained by decreasing the 
diameter of the tubes as they ascend, which is, however, objec- 
tionable in practice. The under portions of the tubes and 
internal flues are almost worthless for steam raising, not only 
On account of the difficulty the steam has in escaping from the 
surface on one side, but {Jso in consequence of the deposit of 
8oot, ashes, and flue dirt which is the rule on the other. The 
incrustation also accumulates much more rapidly, and to a 
greater thickness, on the under side than on the crown of tubes, 
esjtecially of large diameter, principally on account of the com- 
paratively quiescent state of the water in contact with the 
former. 

The manner in which the heat from the swift current through 
a horizontal tube is brought in contact with the metal is pro- 
bably by a kind of convection. Assuming the gases entering a 
tube to be all of the same temperature, the particles striking 
against the upper surface must give up part of their heat, and 
in cooling descend by virtue of their increased gravi^, despite 
the onward and upward force due to tVie mom.€ii^\)LTSi Ql\Xi<^\&.<^ss>^ 
wlucb opposes their descent. The \iot ^«x\.\^<«& vcqlT&s^Ss^j^ 
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bclimil HDil lieitenth these will come in cooUet with the uppw 
HurfRce a little fuithuT on, mil lo a sjwciex of conrectioii i-ike]!! 
np a* the gasea sweep along. Tbia probahl)* gives rise to tb 
umlulatiDg and winding maimer in which flume may he ob- 
servail to pEiss along a horizontal ttibe. It would heoceappac 
that the tubes should be inclined downwards from the furusM^ 
iustead of being cjuite horizontal, iu order to aid the contid 
of the Lot ganea with their upper anrfaoea. A very gmoll 
aniouut of heat is transmitted by radiatiou from the hot giSM 
during their flight. But when the flue dejioait on the bottom 
of Biiinl! tubes is not too thick to impair tiie draught it aatf 
act advantageoualy io robbing the lower part of the gasei rf 
part of their heat, which, when sufficient to maintain the layw 
in a state of incindeBcence, will be imparted by radiation to 
the tube crown. 

In horizontal intemnl flue tubes various means have hem 
devised for extracting more of the heat out of the gaaas thun 
they will yield by radiation or conduction through their mu^ 
by breaki[ig the currents at intervale, and so bringing freab 
jiorttoDB of the gases in contact with the plates. This iu perhA[>a 
best effected in large tubes by the introduction of side watot 
pocltets and central water tubes, which also improve tha drou- 
latioD, and at the same time may be made to impart addition!) 
strength to the main tubes. The area of the parage in, how- 
ever, contracted by these expedients, and the draught impMndg 
which in some cases causes a reduction in the evapontin 
vnlooity, instead of an increwte, which the application of lb* 
iDcn-ased heating surface is expected to produce. The cleaniug 
of even large tubas is rendered more difficult by thaae hfat 
extractors, which circumstance alone very often more than cotin- 
teraots any advantage they would otherwiiie afibrd, causing a 
reiiuction bnth in the economy and rapidity of evaporation. 
This dilhcuUy precludes their adoption in small tubes altogetbw. 
Only the face of the water tubes and pockets against which the 
rapid current impinges on its way to the chimney can be re- 
garded ss really effective heating; surface. In order to foeilitito 
the escape of the steam as it is generated, vertical water tube* 
should be made conical, and no water tube should ever h* 
arranged horizontally, as this position is nnfavourable to tht 
circulation, and renders the escape of the steam well tiSgk 
impossible. 
ill passing up through -vevUcaX U\\ieattia igi»K«. wA nt a disid- 
I for inipart4ne ibrsa haaX ^i 0«t ^^al^«■ "^h* "- 
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cooled by oontact with the Bides on entering have no tendency 
to make way for those in the middle of the current that still 
retain their heat, which can therefore only be indifferently im- 
parted by radiation or conduction. Transverse water tubes, or 
some other means for extracting the heat from the gases by 
contact are necessary adjuncts to vertical boilers, to render them 
anything like economical steam generators. These water tubes 
should always be arranged with considerable inclination, to 
allow the steam to escape freely along the upper surface, against 
which it rises as quickly as it is generated at the bottom, and 
80 improve the circulation. The cross tubes both in vertical and 
horizontal internal fiued boilers should never be arranged all in 
a line, but each tube should be set at an angle with those pre- 
ceding it, so as to intercept the greatest possible amount of heat 
by breaking cip the current of hot gases. 

Besides greatly adding to the heating surface, the cross tubes 
-and the auxiliary vertical tubes sometimes used in upright 
boilers also promote the circulation throughout the boiler, and 
thus act indirectly in improving the heating surface of the main 
tubes themselves. 

3. The evaporative efficiency depends on the nature, con- 
dition, and thickness of the material forming the heating sur- 
face. In a homogeneous plate the resistance to internal con- 
duction is proportional directly to the distance the heat has to 
traverse, or to the thickness of the plate and inversely to the 
difference of temperatures between the two faces, whence the 
quantity of heat in units transmitted, through 1 square foot 
of plate per hour may be represented by 






where T — temperature of hot gases ; T' = temperature of 
water ; t = thickness of plate in inches ; and P = co-efficient of 
thermal resistance found by experiment, and, according to 
Peclet, is '0096 for iron and '0040 for copper. 

Expressing the resistance to external conduction by the 
co-efficients, H and W, which represent respectively the resist- 
ance to the absorption of heat by the face of the plate, and 
the resistance to emission on the other side in contact ^KltVs. t\sj^ 
water, then the total thermal resiatauQe, \xl\axi\s^ v^A «^^^c&s^ 
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is eiprewed by P t + H -|- ' 
toansmilted hy 



tit;f of heit J 
tnnaniittmg H 



^ P ( + H + W. 

From this eipresion it is evident that the heat 
power of the plutti decreases with the thiokue^B and resiataOM, 
or cODveiseljr, iucreasea trith the facility offered by its hest^ 
absorbing, conducting, aud eoiittiug qualities ; also that tiie 
resistance is not direotiy proportional to the thickneaa or the 
oonduotiiig power of the plate. The smuUer P and t and the 
larger H and W become, so does the importance of the ioflueDiia 
of the tbicknesB diminish. In conseqiieuce of the great 
Bupetioiity of the internal compared with the eiternal oon- 
duetion of copper, brass, iron, and steel, some emintnit 
authorities conclude tbat the small difference in thuir con- 
ducting powers and thickoe!<a has no appreciable influence on 
the amount of heat they trausmit. 

Peclet, who found that all mutala conduct about alike, when 
their surfaces are dull, quotes two experiments that appear to 
bear out this coiiclusioii. One was with a boiler of cast-inm 
and the other with a boiler of capper. Both were exposed to 
a fierce fire and plunged into the fiume. Each produced about 
30 lbs. of steam per square foot of surface per hour. 

Cnrefully conducted experiments, and the result of actnal 
practice, show that after the first few days' work, with ordluv; 
impure feed water, there ia no perceptible ditlerence in tlu 
evaporatise power of ccpper, brnaa, and iron tubes, although 
their relative internal conduction powers are respectively "Jt, 
24, 12, and that so far a# the economical use of fuel is con- 
cerned, there is no gain in empluyiug the dearer metals. Tht 
same result hna abo been found when using slightly diSermt 
tbiokiiesBes of the same metal Although the difference b» 
tween the Bteaming pLiwera of nfw boilers with furnace pUtM 
i and I inch thick ia aomttiotes found to be material, it rapidlf 
disappears as the platea become coated over on both. udei. 
Layers of oxide, incniHtation and grease on one side, and soo^ 
flue deposit, or the proiiucts from the alow distillation of th> 
coala on the other, greatly increase the resistaTice to tbe pv 
aage of the heat. Tlie conductive powers of these substaoW 

really meiiwure the evft^QtaXKie -^o-wet df the tube or platu; 

baiag bad tUetmal co&iilacton, ^.^Btt o'ufu^u^u&s.>ia^^ 
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of the heat from the gases or fuel to the water is so great, 
in comparison with that of iron or copper of ordinary thick- 
nesses, that the latter loses its significance, or, in other words, 
the quantities P and t, for either copper or iron in the formula 
are so small, compared with H and W, as not to be worth 
ooiuddering. 

The rapidity of the internal conduction is greatly dependent 
upon the homogeneity and solidity of the plates, for all kinds 
of boiler materials. Where much lamination occurs in the 
plfttes, the internal may actually become a succession of external 
conductions, the rate of transmission being in consequence 
seriously affected. It is a well-known fact that ^" and -^^'^ 
furnace plates are much more liable to fracture and become 
otherwise injured from excessive heating than -^g" and §" plates. 
This is sometimes adduced as a proof of the inferior evaporating 
powers of thick plates ; but it does not follow that the in- 
feriority is appreciable in the amount of water evaporated. 
The manner in which the injury to thick plates comes about 
is as follows — when the plate is homogeneous and uniform, the 
conduction between the two faces will be uniform throughout, the 
temperature being highest on the fire side and diminishing 
gradually to the other side, where it is lowest. The difference 
will be in proportion to the thickness. Assuming the face in 
contact with the water to be maintained at a constant tempera- 
ture, it follows that the other face will be more and more 
heated as the thickness is increased, and consequently more 
liable to injury from sudden cooling. If the internal face, 
instead of being in contact with water, is covered with scale, 
or the plate is laminated, or a double thickness occurs, the 
thermal resistance may be indefinitely increased, and the liabi- 
lity to injury by the plate attaining a very high temperature 
seriously aggravated. This is proved by the bursting of 
blisters and the fracturing of the lap edges through the rivet 
holes. Formerly, when the difficulty of rolling-boiler plates 
increased with their thickness, the more frequent presence of 
lamination in thick plates would probably have much to do 
with their aUeged increased resistance to thermal conduction. 
The difficulty of obtaining sound boiler plates |" thick, 
and even more, is, however, no longer to be considered 
general 

It is said that the thickness of the wrow^hVvtow. ^^ Vsi. 
plates in American locomotive boiletA \a d\m\xi\^<^ ^<^vy»^ % 
bj' the action of the heat, uuUl ihey w^ «Joo\s5^ -^ «> ^^asa^ 
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appesrs to be the tMckDess that transmits the heat with just 
Hufficieiit rapidity tu keep the Bitrfaoe on the fire side below a 
wasting temperature. This wasting does not take place to w 
great a degree with copper plates, owing to its superior iutenwJ . 
rate of conduL-tion, -^g inch being the thiokness which corres- 
ponds in thid respect to the -^'^^ inch iron. It is obvioiiR, ho'- 
ever, that the impurities in the fuel and water and local aatioD 
of the draught will affect the thickness of the plate, quite 
indepeudentlj of its oondnctiiig powsr. 

It is the opinion of some experienced boiler in^peotora thai 
thick furnace pUtes, both vertical and horizoutUil, : 
Blighlly thicker coating of incrustation than thin plates, under 
exactly similar conditions of temperaturB, water, &c ""' ' 
oau only be accounted for on the supposition that the ebuUition 
over the thicker plates is less intense, which would appear to 
prove their iuferior evaporative value. 

4. In coming in coutaot with the first unit's length of best- 
ing anrface the gases part with a portion of their heat, they 
will oonaequently have a diminished amount for the next unit's 
length, and this will be still further reduced by coutaot 
with fresh surfaces, so that eaoh sucoessive portion transmits a 
gradually diminishing tiuautity of heat, until the gases escape 
with a certain exoass of temporatnre above that of the water, 
It is usually stated that the quantity of heat so tranxmitteil 
by the plate or tube is in direct proportion to the diffisrenoe 
in temperature between the heating medium on one side and 
the water ou the other. This conclusion must, however, be 
received with some quali&catiou. If the hot gases and air 
passing through a tube possessed the property of imparting their 
diminishing heat, under similar conditions and In a unifomt 
manner throughout, and if the resistance to conduction oSered 
by the hGatiiig surface were uniform for its entire length, it is 
probable that the heat imparted at each point i 
would be nearly in direct proportion to the difference of tem- 
perature. Assuming the gas to enter the tube at 1300° and 
at each suocesHive stage to impart ^ of the diffarenoe of 
temperature to the water at 212°, we should have tlie fin( 
amount transmitted 

1800° — 212= 

6 = 264° 

Tiegasarriven at the natt^iivt -wvtV tl.'u«o'Je■tliwH«cS.\^^— 
£W=lo36% the amount liXiliBoi V- '^" "— "™'^ 
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1536' — 212* 



6 



= 22r. 



The temperature at the next stage will be ISSe**— 221° ^ 1315% 
and 80 on, for each euccessiye steps, until the gases escape at 
850% as shown in fig. 23. 

Fig. 23. 



1800 



1 1 

I5|36 I3II5 H|31 978 jSSO 



T 



264 22I 184^ 153 128 

But the manner in which the heat is transmitted by the 
gases is not the same throughout. At that end of the tube 
where they enter the heat is imparted to the metal directly 
by the hot gases in contact, which are thereby rapidly cooled 
down, and the heat for the remaining length of tube must, 
in some measure, be transmitted by radiation or conduction 
from the hotter particles^ at the axis of the tube, through, 
the cooler mass, which now surrounds them, or by convectioD, 
as stated at page 277. As the transmission of heat by ra^Jiation 
and conduction requires time, and is ahnost nil with hot air and 
transparent hot gases, it appears then that the heat near the 
exit end must be imparted mainly by convection, and, there- 
fore, at a comparative disadvantage, and hence the evaporative 
duty of opposite ends of the tube will not be in direct propor- 
tion to the difference between the temperatures. The amount 
of heat imparted as the gases are cooled down will not be so 
great as we obtained above, nor will the temperature of the 
escaping gases be so low. 

If this be the case when air is the heating medium throughout, 
the difference in the proportion of the quantity of heat imparted 
at opposite ends will be much greater when flame is drawn through 
a tube or along the bottom of a boiler, for a short distance, 
owing to the great superiority that flame possesses over hot air 
as a heating agent under the circumstances we are con- 
sidering. 

According to Professor Bankine, when the difference between 
the heat of the gases and the water is very great, the rate of 
conduction increases faster than the simple ratio of that dif- 
ference, and is nearly proportional to the square of the difference 
of temperature. The rate of conduction in thftttxi«l \i\vvt& ^orc 
plates and tabes per square foot of awxlaA^ ^x V^^xvic. \siv^ ^"^ 
expressed by 



where T and T' represent the temperatnrea of the two flmdi, 
which are respectively in contitct with the two tuoea, and a ii 
a constant, which, lying betweeii 160 aud 20U, agrees Wj 
well with the results of experiments on the evaporative ponr 
of boilers. 

The above considerations will lead ns to expect a very small 
evaporative duty from the exit end of long tnbes, or, gcDerall;, 
from heating aurface where the temperature of the gases is very 
much reduced, or the heating medium is changed from flame to 
heated air aud steam, and no surprise will be caused by the reBOlts 
of various experimeuta that have been made from time to time, 
to prove the superiority of firebox surface to tube surface. In 
1830 Stephensoo found that in a locomotive boiler, open to the 
atmosphere, and with the firebox separated by a plate froia the 
barrel, that one foot of firebox was equivalent to three of tube 
surface. In ISiO Mr. Dowrance moiliEed the experiments by 
dividing the barrel of a small locomotive boiler into six com- 
partments, that next the firebox being 6" long, and the 
remaining five compartments each 12" loug. The results 
found were that the first six inches of tube were equal, area 
for area, to the firebox surfaca ; the second compartment was 
ouly about one-third as effective, while in the lemainiug four 
compartments the evaporation was so Hmall, according to Hba 
experiments, as to ba practically uselesa. 

In 1858 Mr. C. W. Williania experimented on a sroall open- 
topped boiler, 4' fi" long, having a 3" tube passing through 
it. The boiler was divided into five compartments, the firet 
being 6" and the rest 12" iu length. The heat was supplied 
by means of a gas burner, placed in one end of the tube, 
bent down at a right angle, In a. trial of four hours the 
water evaporated from ii" was in the fire compartmenti 
severally 96, 44, 24, 19, and IG ounces ; and although the 
temperature of the escapiag products of combustion was about 
500°, that of the water in the la£t compartmeot was only 
170^ In another trial of four hours with the same boiler, 
from an initial temperature of about 190°, the results were 
98, 44, 33, 23, aud 17 ouncen evaporated. The temperature 
of the water in the \as\, ctini'partuiewt fcU to 170% showing 
that the absorution ws* \ei» Ciiwa \.'iiB raivi'Cvm (A "'bsmX^-wV " 
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howeyer, woald not have been the case had the boiler b^en 
closed in or protected. 

The temperature of the escaping products was in this case 
about 485°. In a third experiment the boiler and tube were 
lengthened to 5' C, and divided into five equal compart- 
ments, 12" long, and a strong coke fire was substituted for 
the gas jet. In a trial of three hours the quantities evapora- 
ted from 50° were 117, 92, 73, 64, and 63 ounces, the pro- 
ducts escaping at a temperature of 800^, whilst the tempera- 
ture of the water in the last division did not exceed 206° at 
the conclusion of the trial. 

About 1864 some further trials *were undertaken with a 
multitubular boiler 5 feet long. The tubes were divided off 
into 6 lengths by plates at intervals. The compartment next 
to the tube plate was only 1'' long, the second 10", and the 
four remaining were 12" in length each. The following 
quantities of water were found to have been evaporated, after 
three hours' work : — 

Compartment No. 1 ( 1" long) — 46 ounces. 

2 (10" „ ) - 47 



„ 3 (12" „ ) — 30 „ 

4 (12" „ ) — 22 

6 (12" „ ) — 18 

„ 6 (12" „ ) — 17 „ 






As there were no separate means of measuring the quantity 
evaporated by the tube plate, the large amount given for .the 
first length of 1" was in reality partially due to tube plate 
surface. The decreasing value of each succeeding length need 
occasion no surprise, although the exact manner of decrease 
in each case is not very clear. 

From these and other experiments it has by many been 
erroneously concluded that in boilers having long tubes, say 10 
feet or more, only the first 12 " or 20 " of length is of material 
evaporative value. The results of the experiments were how- 
ever obtained under conditions very different from those under 
which the tube is employed in practice, the principal difference 
being the absence of the strong draught which draws the 
flame through the tubes, especially in a locomotive boiler. The 
stronger the draught the greater will be the temperature of the 
escaping gases, and consequently the gjceater the ws&tA^ hTLt. V^^ 
pulliug the Same through the tube \ibA 'vciXxiA ^1 ^^ \^sK>i«c&s| 



'i TREATISE ON STEAM B( 

mrfftce u more equalised for tbe vhols Isngtli and tlie niHiUt; 
of evapomtion greatly increased. The stronger the draught the 
greater the velocity of the cnrrant of gases, aad aa we shall 
preseotly see, the grnutifr should bo the length of the tubes to 
allow litre for abnorbing the heat, Eiperienoe proves that in 
boilers at work all the tube aurface is importaut for qwed of 
ernporatioti, provided the dr&ught is suitably increased with 
the length of tub«. 

The great auperiority of the fnmaoe-heating flurfa«e, both in 
looomotive and other types of boilers, is no doubt greatly owing 
to the radiant heat from the incandasoent fuel being princqially 
absorbed here. According to Peclet, the proportion of radiant 
heat from red-hot ooal may be taken aa 0'5 of the total heal of 
oombuation. The greatest quantity of this is given out upwarf^ 
and but very littlo ia absorbed by the hot air, except what il 
Dot taken up by the plates against whiuh it rndiates, in tiu 
same manner as our atmoapbore is only warmed by the earth 
and not by the suu'k rays which pass through it. 

If we assume that | of the total heat from the incandescent 
fuel ia absorbed by the futnsce plates, and ^ ia carried off bj 
the eicapiug gases for produoing the draught, we haTe only 
i left for absorption by the heating surface of the fluea or 
tubes, and owing to the heat being more favourably circmn- 
fitanced tor absoqjtion by tha surface near the furnace then 
remains but little heat to bo extracted by tho sni-faoe at a 
distance from tho 6re. The tube surface is of most value for 
transmitting the heat from the flame which comes in contact 
with it, and its value is least when the fuel boms witiiont 

The comparatively small heating power at the escaping ends 
of the tube in tJie experimeuta is only what wa might expert 
wheu the hottent portions of the gases are not brought into 
direct contact with the plates. There are many caxes where the 
tube surface has been replaced by combustion chambers, pre- 
senting a less amount of trannmitting area for the flame, bnt 
allowing a better miiture of the gaaes and a more perfect oom- 
bustion, yet a Iosh of evaporative power has generally been the 
ref!ult, showing that the value of the tube aurface had been 
underrated. 

On the other hand, increasing the heating surface fay pladsg 

numerous tubes at the back end of long interitally Bred boilen 

has led to diaappointment, uo \isiiiA\, ■WVvu'i^esM.Uai&onii^ 

il great measure owing to fbe i;e\viS,Muic« Vv'Ca Vis^c'^^JSi 



HEATDCG SUBFAOB. 287 



^ 



gases give up their heat, and in coDseqtience of the retardiog of 
the draught by the contracted area of the tubes. There is also 
anothet important oircamstance that operates strongly against 
the eTaporative power of the back ends of long tubular boilers 
of all dasBes where bad feed water is used, except, perhaps, in 
locomotives. The parts of the boiler on which the incrustation 
is most thickly and rapidly deposited is where the water is 
quietest, or the ebullition leasb violent, and consequently where 
the least amount of heat is absorbed. This amount of incrus- 
tation increases with the age of the boiler, and as the resistance 
to thermal conduction increases in proportion, it is obvious that 
the rate of conduction will decrease in a still more rapid ratio 
than the square of the difference in temperature between the 
two faces. In many cases of externally and internally fired 
boilers, the decrease in the rate of conduction and evaporation 
cannot be less than the cube of that difference. 

It is evident from what has already been stated that we must 
at last arrive at a point where no useful effect can be gained by 
still further increasing the heating surface. This point is not 
always determined alone by the difference of temperature between 
the two fluids, which at any point depends in great measure 
upon the force of the draught, but is governed also by the 
nature of the heating medium, position of heating surface and 
its resistance to conduction. Where there is no means of 
improving the draught there is a positive loss in having too 
extended a heating surface, either in plates or tubes, especially 
in the latter, as the accumulation of soot that takes place in 
them impedes the draught, which again causes a further deposit 
of soot, and so the evil goes on increasing. 

If we assume the diminution of the rate of conduction we 
found at page 283 to be correct, at the same rate, by doubling 
the length of the tube we should have the temperature of the 
escaping gases at 474°, giving an increase of 376° utilised for 
evi^poration or 

376 

= 24 per cent. 



1800—212 

of the available amount in the case we have considered, but 
approximately not more than 12 per cent, if we take the tem- 
perature of the fire at 3000°, the difference between 3000° and 
1800^ being absorbed in the furnace. B\x\i "v^ ^Qra\.\w!^\. ^gfia^ 
e^en tbia iDoreaae of power if we double ^•d \QU\fCCv q1 V^<i^\^^^>siSL 
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in order to obtain t, cotreBpondiDg inoreMS in the lengtli of 
tabs, there being a grtiat loB.4 of beat due to radiiition into tlie 
stmoBjibere from the boiler shell, which lo^ increasea directlj u 
the length, *nd btiyund a cert&ia limit it is evident that va 
ahoald toHe inor» than we iihuuld gain by addiug to the leogtb 
of the boiler 

On the othnr hand, by reducing the length of the boiler too 
mush, a large quantity of heat would be wasted, owing to Iha 
exoessively high temperature at which the ga^ses would escape, 
Aa a rule we should make our heating surface as great u 
poBsible, taking care to discharge the products of combuation at 
a sufficiently high tempemture to ensure a good draught and 
not to waste more heat by radiation from the boiler than ii 
transmitted by the heatiug surface. The taoipenitura of thi 
oaoapiug products should not exceed 600°, which Ls about tht 
maiimum in good practice and the best for euHuriog a good 
draught. 

5. The evaporative efficiency of a given amount of beating 
Hurfaoe depends upon the time allowed for the transmifldon of 
heat through it, or for the contact of the hot goaes. The gteata 
their velocity, the less time have they for imparting their hell 
to the plates or tubes where the length of suifoce is constant. 
The velocity through a tube may be increased, either by redociiif 
its area, the total quantity of gases passing through remaiiuiil 
constant, or by increasing the draught, and ao causing a. graatn 
amount of gas^s to pasa through iu a given time, the area of 
the tube remaining unaltered. When the heating eurfaw 
conaifta chiefly of tiiben, an ia the locomotive type of boiler, tbt 
collective area of the tubeti may be diminished without decreadBg 
the extent of heating surface, ^ince the sectional area '^liea li 
the square of the diiuneter, whilat the surface measured by (he N 
oircumference diminishts simply as the diameter. With (be 
gases passing at the same velocity through two tubes, whdM 
diameters are as 1 : 2, the latttr will be traversed in a. given &n 
by four times the quantity of gases, and will have only twice (h) 
surfaoa to absorb the heat. Therefore, to obtain the sUH 
evaporative economy as in the small tube, we must doahlstb 
length of the larger, or generally speaking the propoiiiM 
between ditimeter and length of a tube is constant fur the tttu 
evaporativo efficiency. A^^hen an increased quantity of gaaatd 
the same denuity pass tbrongh a tube in a given time, altboDtli 
there will ba a greater aWn^tioa ol 'W.i't, \.\*,re will atill ta * 
loaa by the iucreaaei B.nioviB-'t ol ^is*-'^ Tarowi-m'i "la •Jafc^mij 
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; and in order to preserve the same eoonomy, or in order 
that the heat of the escaping gases shall remain constant, the 
length of the tube must be increased in proportion to the 
increased quantity of gases passed through. 

If we consider the heat to be imparted to the tube surface by 
radiation, which, however slight, is probably the principal mode 
of transfer in vertical and other long tubes, where the convectiou 
amongst the particles of gas cannot be supposed to take place to 
any great extent, we may assume the heat to be concentrated in 
the axis of the tube, whence we find the quantity of heat 
received in a given time by the surface from radiation will be 
inversely as the square of the diameter. By doubling the 
diameter we shall have four times the quantity of gases passed 
through, and the quantity of heat received in a given time will 
be only one quarter of what it was before, owing to the increase 
of distance. The surface being, however, twice as great, the 
absorption per unit of length becomes equal to one-half the 
originaL Therefore, in order to bring the evaporative efficiency 
up to the original, we must double the length of tube, or 
generally we must increase the heating surface as the square of 
the diameter, in order to obtain the same evaporative efficiency 
from radiation when increasing the diameter of a tube. 

But if we reduce the diameter to one-half, we increase the 
absorbing power fourfold per unit of surface; the heating surface 
being however reduced to one-half, the evaporative power of the 
tube will be only doubled, whence the tube may be reduced to 
one-half the original length and still retain the same evaporative 
efficienoy, or, the length remaining unaltered, the quantity of 
gases passing through should be doubled to maintain the same 
temperature at the escaping end, or, as before, the efficiency of 
each square foot of heating surface increases inversely as the 
square of the diameter. 

When a fuel is used which burns with a long flame, the 
diameter of the tubes should not be too small to exclude the 
flame altogether from passing along them, as it is of much more 
evaporative value than the transparent products of combustion, 
owing to the small radiating effect of the latter. But where the 
hydro-carbons and carbonic oxide can be sufficiently burnt 
before reaching the tubes these can scarcely be made too smalL 
In locomotive furnaces the presence of the brick or water arch, 
by retarding the passage of the gases to the tubes and giving 
more time for the proper oombastion oC tlie No\a.\^^ >^^\\^ ^I^^^Sk 



fuel hhould render siicces!«fiil the applicadon of still nmJIv 
tubes than are geoeralty lued. 

6. From what h&a alreaJf been stated concerning the smtll 
amount of heat transmitted by radiatii^n, conduction, uil 
connection from the tranaparBut gaseous products of combustion, 
the heating surface, at a distance from the furnace, in order to bs 
effective, should be arranged to bring the gases iu direct contact 
with it, by suddenly changing the direclion of their current, c 
by placing water tubes in their path, but at the some time tlu 
arrangement must not impair the draught to a aerious degree. 

The evaporative value of a Bt[uare foot of heating sui&a 
varies then in different olaases of boilers as well as in the aai 
boiler, according to its condition, nature, position, die. In I 
consequence of this and the uncertainty of the other conditioni 1 
on which depends the evaporative power, there 19 conaiderablg 
difficulty in determining precisely the area of heating surfaH 
necessary for the production of a given amount of Hteam. Thu 
simplest way to estimate the evaporative power of a boiler is td 
take the average duty of the whole heating surface found hf 
esperience for the various desoriptions of boilers in use. 
may take the average maximum evaporative effect of a Bqniit 
foot of heating surface at 21 lbs. of water per hour, or oue oubie 
foot of water evaporated by three square feet of eurfaoe. 
will be mere than this in some locomotive fireboxeEi, and whei» 
ever a jet of flame impinges violently aguint the surface, and I 
less in some furnaces of externally fired boilers. The predM I 
value has never yet been found. In locomotive boilers tha I 
highest average value for the whole surface in the bailer ii f 
' 13'6 lbs. of water from one foot of surface, or about 1 cubio | 
foot of water from about 4i square feet of surface ; and i 
ordinary tubular and externally fired boilers from 3 to 7 Ibt, 
or 1 cubic foot from 21 to 9 square feet of beating surfaee, 
ranging from 20 \ba, per square foot of furnace surface to a 
ounces or nil per square foot at the point where the gases quit 
the boiler. 

For a given description of boiler, it is evident the evaporatiet 
efficiency will mainly depend upon the ratio between thi 
quantity of coal consumed and the extent of heating sutfua 
"The quahty of the fuel and the manner in which it is burnt, t> 
well as the condition of the beating surface, have necessarily U 
importaut inhueuce upon the evaporative efficiency and poME 
As we have already seen, fKeta tais "xie ctovaUatable iatitodt 
I »Uowed in determining tte TCM.\.io ot sRno.Mm'i.'iusa ■*« i« ■ 
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nrfRce. By slightly increasiiig the draught and boming more 
uel, or, in other words, by slightly foreing the fire, we may 
naterially increase the speed of evaporation with a very small 
068 of eoonomy ; and, on the other hand, we might add very 
preatly to the heating surface without finding any appreciable 
)enefit either in speed or economy. 

The small gain in economy, accompanying an increase of 
leating surface, is most marked when the area added is parallel 
irith the current of gases, and at the part of the boiler where 
they quit it and where it can be least effective, being acted upon 
>nly by the radiant heat from the gases. But if the additional 
surface is placed in the furnace so as to absorb an additional 
[][uantity of the radiant heat from the fire, or arranged so as to 
receive the heat of the fiame and gases by direct contact, which 
Doay be done by diminishing the diameter and increasing the 
number of tubes in a multitubular or water-tube boiler, or by 
placing an efficient feed-water heater between the boiler and 
chimney with which the gases come in direct contact, the 
economy may be maintained whilst the consumption of fuel and 
speed of evaporation is increased. 

Mr. D. K. Clark, who has carefully investigated the relations 
of grate area, heating surface, and consumption of fuel and 
water in locomotive boilers, arrives at the following conclu- 
sions : — 

1. For a given extent of heating surface the economical 
hourly consumption of fuel or water decreases directly as the 
grate area is increased, and consequently in order to maintain 
the same efficiency or economical effect, the total hourly con- 
Bomption should be reduced at the same rate as the grate area 
is increased. 

2. For a given area of grate the total hourly consumption 
Bhould vary as the square of the heating surface. That is, if 
we double the area of heating surface, we can bum four times 
the quantity of fuel with the same grate area and maintain the 
same evaporative efficiency or economy. 

3. For a given hourly consumption the area of the firegrate 
should vary as the square of the heating surface in maintaining 
the same efficiency. That is, if the heating surface be doubled, 
the grate area may be increased four times, and the same 
economical consumption maintained. 

Now with respect to the first of these conclusions^ it would 
appear to hold good for all descriptions oi WCL^st^. \\:l ^w^t;^ 
ft may be asdd that there cannot be too '^XiVXib ^c^Xa vl^^Vsi 
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©oonomieal evaporiitioo. Evaporative eoonoxny is, however, d* 
compatible with evaporative apeed, and tlie diminution of gnta 
area is limited by the speed of evaporation required, and fay tin 
mBximum rate of combustion foond to bo consistent idlk 
economy, which varies in different classes of boilera. By » 
ducing the grate area the ecouomical value of the heating surboe 
of the boiler maj be ii]creaKed, although the apeed of evapori' 
tion may at the same time be diminiBhed. From the reUdou 
embodied in the second and third concluBiona, that when th« 
healing surface is doubled the economical hourly consumpdon 
of fut^I may be iut^eaHeil fourfold by incteasiiig the rate of oon- 
bustion or the size of the grate, it may be concluded that Uu 
efficiency of each foot of surface is increased by merely inccBU- 
ing the surface, or that the evaporative power of the boiler ii 
incTBHsed more rapidly than the increase of heating snrhos, 
whilst the efficiency is maintained. There is, however, a 
maximum quantity of coal that can be economically burnt oa 
each square foot of grate, which limits the power to be deiit^ 
by iQcreaniag the heating surface, while the grate area remuu 
constant, and with a given rate of consumption of fuel the 
increase of grate area is limited by practical cou^deratioU 
Already noticed. 

It is, however, more especially to boilers of the loeomoto 
type that the two last conclusions can apply. In adding half 
ing surface to a locomotive boiler with a given area of firegrftl«, 
we can only increase the size of firebox, add midfeathen ff 
similar expeiUents, and increase the number of tubes, as th» 
length of boiler cannot usually be increased. This at onoe addl 
oonsiderably to the economical evaporative power, by offering I 
larger surface at the most effective position in the boiler ; aid 
if the diameter of the tubes be at the same time reduced, tiie 
evaporative efficiency is likely to be still further increased, as the 
smaller tubes are better adapted for extracting the heat from 
the gaaes, and the result found in practice agrees with tin 
theoretical considerations advanced aboi'e. 

But in the case of an ordinary stationary boiler we can aij 
augrafiut the heating surface to any considerable extent if 
adding to the length of the boiler, or by increasing the ttin rf 
the fluerf. In either case we add the heating surface where iti< 
least effective, and where the leaat quantity of water ia ev;^ 
rated, in consequence of the gases being here cooler, and in tbt 
worst condition for inxpartlug ft»en \n;s.'i, a-sA Avi ura aocoimt «/ 



HEATING SURFACE. 293 

gases quit the boiler for the chimney. By doubling the length 
of a tubular or externally fired boiler we should not be able even 
to double the consumption of fuel and maintain the same 
evaporative economy. Besides, unless the draught can be 
materially increased at the same time that the run of the flues 
is lengthened there wiU be a decided falling off in the speed of 
evaporation. 

In fche locomotive the forced draught allows a greater range 
in the rate of combustion than can be obtained in stationary 
and marine boilers. 

With a sluggish draught small tubes are liable to become 
choked up with soot or flue deposit, and this liaV»ility increases 
with the length of the tube. The same remark applies to a 
great extent to external flues, where the tendency of the soot 
to adhere to and accumulate upon the plates increases with the 
length of flue and sluggishness of draught. In multitubular 
boilers with chimney draught the ratio of the length to the 
diameter of tube should not exceed 24 : 1. In locomotives it 
may be made as much as 120 : 1. The reduction of the 
diameter of the tubes is limited by the area of the flue way it is 
found necessary to maintain, which will greatly depend upon the 
strength of the draught. In multitubular boilers with chimney 
draught the ratio of total tube area to grate area should be 
about 1:7. In locomotives the proportion of the collective 
sectional area of tubes to grate area is usually about 1 : 4. 
With a constant proportion of grate area and flue way, the grate 
is reduced to one-half by doubling the quantity of tubes of a 
given length, and still maintaining the same quantity of heating 
surface in them. As twice the quantity of fuel should be burnt 
on this reduced area to maintain the same efficiency, it follows 
that four times the quantity of fuel is to be burnt per hour per 
sqiiare foot of grate. The practical impossibility of exceeding a 
certain rate of combustion should restrict the reduction of the 
diameter of the tubes. With a given length of boiler the reduc- 
tion of the diameter of tubes is limited by the ratio of diameter 
and length of tube it is advisable to adhere to. At the Wigan ^ 
coal trials in 1868 the eflect was tried of dispensing with the 
external flues of a Lancashire and Galloway boiler, the gases 
being allowed to pass directly from the internal flues to the 
chimney. The result was a slight falling off in economy, or 
in pounds of water evaporated per pound of coal ; but very 
nearly the same quantity of water waa eNw^oT^^A^ ^s^ ^'i^bk^^^q^ 
gaaea made the circuit of the extemaX «Lx3l«^ w^^ ^isa«QS«fi^ 
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trkveraed » mnoh larger extent of heating surface. It was bJio V^ 
found thi.t the GaUowny boiler was not euperior in evaporati»e 
power or economy to the or(liua.rj Lancashire boiler, although it . 
poHaeaseB a greater extent of effective heating anrface, and also |<4 
that the diSereoce between the evaporative effect of iron and 
steel flues in a I^ncashire boiler was not appreciable. In all 
these ctuen a high rate of evaporative efficiency waa maiotuneil, 
being above 9 lb. of water from 100° per lb. of coal ; but had 
there been a considerably larger consumption of coal per hour, 
giviog a higher temperature to the escaping gasen, the resnlt 
would have been more decidedly in favour of the larger heating 
surface of the Galloway boiler, and of both boilera with esterual 
flues, as compared with the results without them. 

There are cases, however, of boilers having two internal 
furnncea, with combustion chnmbera, and a nnmber of small 
tiil>ea at back end, which, notwithstanding their greater heatmg 
aurfacs, cannot be made to g«neiate ateam as rapidly or u 
economically aa boilers of the simple Lancaahirs type working 
alongside of them, and having the same external length and Vi 
diameter, tha same grate area, chimney, and description of 'i 
external flues, and other conditions. This unlooked-for reenlt l\ 
can only be a-scribed to the decrease of draught and the increased 
quantity of incmatation and soot caused by the more com- 
plicated arrangement of flue way. With a cleaner fuel and 
purer water it ia not improbable that the results would be 
reversed. 

There are numerona caaea where the additional aurfaoe of 
conical and other water tubes ia rendered almost useless by the 
amount of incrustation formed in them. The incrustatioB 
accumulates more rapidly inside these small tubes than on the 
convex surface of the main tubes they are placed in, in spite 
of the circulation, chiefly owing to the greater difficulty foond 
in removing the incnistation sa it forms, caused by ita inao- 
eeasibility. Greater pitins should therefore be beatowed in 
cleaning out these water tube boilers in order to maintain theif 
efficiency. It may be gathered from theFH last considerationB 
that the evaporative result obtained from a new boiler may 
afford no guide to the value of the saroe boiler after it hue beea 

The comparative amount of hard incrustation is generally a 
pretty sure tudes oi the \n\ae> of tbe bc&tiug surface on which it 
is found- Where tbe e\)u,\\itit>n w ^vae.tes^i'Catj arawK*^ ^S. ^mw4 
ud tenacious soaLo will be leeaW 'S:^jis,^ia^«i«i, *>»«». -wS^jibIb 
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where the boiling off of the deposit is impeded hj siajB or other 
obstacles, such as axe foond on the crown of some locomotiTe 
fire-bozeSy or in the midsi oi a nest oi dosdj packed small 
tabes. In some cases iriiere the boiler is not ctfefdllj deaned, 
the line which marks the limit of the greatest ebnUition otct the 
furnaces of externally fired and internally fined boilers, and in 
the water tubes, may be found pretty sharply defined by the 
variation in the thickness of incrustation, espedaUy where the 
circulation is defectiye. Hie change in the colour of the incms- 
tation caused by the heat when the fumade plates have been 
accidentally lefc bare of water, with a good fire underneath, some- 
times reveals the fact that the intense heat over the fire, both 
from the radiation of the incandescent fuel and the impinging 
flames, is much greater than the heat imparted by the flame 
alone. The buckling of the plates caused by overheating under 
similar circuoo stances is usually confined to the crown in front 
oT or above the bridge, and is also an indication of the greater 
"intensity of the heat at this part. 

The most satisfactory method of determining the efficiency 
of any heating surface is that given by Professor Rankine, which 
is as follows :— 

r ^ BS 

E S + AF 

Where E' =r the available evaporative power, and E = the 
theoretical evaporative power of 1 lb. of a given kiud of fuel in 
an ordinary boiler in which S = the total area of heating 
surface, including feed water heater, if any ; F = the number 
of pounds of fuel burnt per hour. A and B are two constants 
found by experience ; A is probably approximately proportionate 
to the square of the quantity of air supplied per lb. of fuel. 
B is a fractional multiplier to allow for miscellaneous losses of 
heat, which, for chimney draught, is here taken at 20 per cent. 

4 
For boilers with chimney draught B = — A =s '5 

19 
forced „ B = —: A = '3 
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The foOofwing are examples of efliciency Ccrr dUE«t«tvi yfw^fH' 
tions oi hoilen Mod laiea of combtwUfjn, ii'a\v Odas&a«i \\wim^ 
calcnhted bj mmm of thin formtila v^ 
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The third sud fourth, coluiniia g'lTB the average rate of evap 
ratioQ of boilers in use, the totnl heat from 1 lb. of coal beii 
taken &t 14 lbs. of vrnter evaporaterl from 212°. With a clei 
boilur, gDod coal, akilful firing, and introducing the feed wat 
at a high temperalnro, the (^uautitiea in cohiran four may 1 
increased by from 10 to 30 per cent ; and on the other ban 
with a dirty boiler nnd unskilful attendance they may I 
diminished from 65 to 20 per cent., which h too frequently tl 
caEe,and often causes much diaappointment. With thebestdesori 
tions of fue^l wiLt-cr heaters, or economiaers, which iitiliaothe he 
from the escaping gases on their way to the chtntuey, and bv 
their surfacs at light angles to the direction of the dravgi 
kept clear by means of self-acting aorapera, the feed may 
times be raised to a tempenkture of 250°, or even more, wilh 
corresponding saving in fuel. The area of these economise 
Bhould be considered iu estimating the efficiency of the tot 
heating surface of the boiler. 

The plan sometimes adopted of placing an old boiler or tai 

in the flue between the end of the boilers and chimney to aer 

sa H feed water healor, ia olVwi attwudBdwlch very iin-iatiBfacto 

results, owing to the abwirWvis RvnWe \«ip.\t;a.fCK,5*.'ss <WBi 

over with soot when emoV-y cotU m«m«*A. ■^Ni«k«^^«m 
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of such feed-warmers heating the water to about 212° for the 
first few days after being set to work ; but their efficiency 
gradually falls off, and sometimes at the end of a fortnii^ht they 
are unable to raiue the temperature of the water they contain 
beyond 100°, simply owing to the thick non-conducting coating 
of soot they receive. 

There are many Cornish and Lancashire boilers, where due 
attention is not paid to cleaning the flues, working for months 
together with an inch or more of soot on the bottom plates in 
the external flues, and with a large quantity of flue deposit in 
the internal tubes, varying in thickness from that limited by 
the height of the bridge to 6" or 9" at the back end. In fact, 
the usual state of affairs is not much better than thb after 
working a few weeks with ordinary descriptions of semi-bitu- 
minous coal, and a great part of the heating surface is rendered 
uaeleas in oousequenoa. 



v»% 



CHAPTER SVI. 

BOILER POWER. 

It roust be admitted that the manner in which the poi 
B boiler m iisnallj calculated is far from sutisfactory. It hu 
long been the custom to eatiroata boilere by their real or nominal 
horse power. As the nominal horse power of an engine is usually 
based upon the diacnoter of the cylinder, without regard to 
other conditions, so in boilers the nominal standard of power is 
estimated b; their size, without Tegarding the pressure of steaiu, 
the effloienoy of heutiiig surfiue, size of grat«, rate of combus- 
tion, quality of coal, settiog, and frequently the most im- 
portant of all, thtj condition of the boiler and ability of the 
firemen. Whilst admitting their unsatisiactory nature, we shall 
give lome of the ruks that biLTo been mostly employed. How- 
ir correct any one of these rules may be for one description of 
boiler, it will give a &lse result for boilers of a different alaB% 
or e»en of the same class, but of different size and proportions. 
Armstrong's rule is to allow onecubiofoot of water evaporated 
per hour, one square foot of firograte area, and one square yanl 
of total heating surface per horse power for ordinary ooal, and 
^ of a square foot of grate for good steam coat, and aa little as 
I square foot when the best coal only is employed. This rule 
stands H P = ^ (S -|- G) where S ^ heating surface in yards, 
and G ^ area of fire grate in feet. Beckoning by superBciBB 
it is now usual to allow about 15 square feet of heating aurfooo 
per nominal horse power for ordinary factory boilers. For 
multitubular boilers from 18 to 26 square feet of heating sDcfaoe, 
and from "5 to -So square feet of grate area. 

Another rule very much uaed is to allow from 6 to 6 square 
feet of boiler section per H. P. in pkin cyltudrioal boilers, or 

section of Boiler 
BP = g 

In Cbraiah and LaticaahiTB boWoTt W aec&OTui wt* of the 
B tubes ifl usually added, wi4 Itota 6 to % «ii»»» %aA -^(w. 



fc 
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H. P. is allowed. For example, in a Lancashire boiler 7 
feet diameter, 30 feet loug, and having 2 flues 2' 9^^ diameter, 
we have 376 square feet of section, which divided by 8, gives 
47 H. P. For Galloway boilers 4 '5 is usually taken for a 
divisor instead of 6. 

Another rule like Armstrong's is 



HP =VS X G 

For multitubular boilers the following rule is sometimes 
used : 

H P = 1-8a/S X G- ® ^®^°S ^ y*^^ ^^ 

G in feet. 

For marine boilers working up to nearly five times their 
nominal horse power— 



HP= -TVS X G 

As the term nx^minal horse power, according to these rules, is 
so undefined, it is preferable to reckon the power of a boiler by 
the quantity of water it will evaporate. With a moderately good 
engine one half cubic foot of water, or about 30 lbs., will develop 
1 H. P. (indicated) per hour. With externally fired boilers 
having the proportions between the heating surface and giate 
a'ea between the limits of 10 and 16 to 1, the average <)vapo- 
rative power may be taken at 1 cubic foot from 18 feet of heat- 
ing surfetce, or 9 feet per H. P. Egg-ended furnace boilers, 
intensely heated their whole length, have been known to 
evaporate 1 cubic foot of water fiom 4 square feet of heating 
surface, which is equivalent to 2 square feet per H. P. In 
Cornish and Lancashire boilers, where the proportions between 
the heating surface and grate area are within the limits of 
1 5 and 25 to 1, the evaporative power may be taken at 1 cubic 
foot of water from about 14 square feet of total heating surface, 
or 7 square feet per indicated horse power. 

In multitubular and other boilers where the heating surface 
IS to the grate area as from 30 : 1 to 40 : 1, 9 square feet of 
surface will evaporate 1 cubic foot of water, or require 4^ square 
feet of total heating surf ce per H. P. 

Vertical boilera are usually very -wwa^ieiviX ol iw^O«^ "^^ ^ss^^ 
ea8e$, where ihe boiler is in good con^XioTi^ mA >Ctkfe ox^x^^^^ 
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is promoted by well ammged wHtor tiilie?, they have ovaporated 
8 lbs, of wat*r from ttO" per X lb. of coal, ajid 1 cubic foot of 
water p«r hour Irom lli square fMt of LeaCiog surface, and may 
be reckoned at 8 square feet per U. P, ; but 10 or 12 squara 
feet per H. P. are more commanly required. 

In locomotive boileis with forced dmught, and the ratio of 
heating Burfacu to grate area between 60 : 1 aud i 
average of 3 square feet of total heating Barface per indicated 
H. P. may be taken aa an appro limatioo. Ah we have already 
aaid, the quality of fuel, rate of combuation, akill of Btoker, 
arrangement of furnace, and condition of boiler, wtU materially 
influence these quantities. 

Suppose we require the size of n Corniah boiler to supply 
steam to an tngine having a cylimler 16" diameter and 21" 
stroke, roakin^ 60 revolutions a minute, cutting off at one 
qiiartar sttobe, and working at 60 lbs. prewure. Now, without 
taking into account the difierence of pressure in (lie boiler aud 
in the cylinder, we shall have the quantity of stvttia reqiured 
per hour thus :— 16'' x "7854 X "25 X 24 x 2 X 60 X 60 
= 5026 cubic feet. This quantity should bo iuureased by at 
least 25 per cent., to allow for loss of steam in port.4, dearaoca 
of piston, escape at safety valve, and other waste, as well wt U 
allow some margin of power ; we shall thereforo have 6293 
cubic feet as the quantity of steam to he evaporated per hour. 
In table at pAge 'iO'i we find that at 60 His. pressure 1 oubio 
foot of Eteam is 353 times more bulky tbau the water from 
which it is raised, whence the aboie quantity of i 
equivalent to 17f cubic feet, or 1106 lbs., of waterevaporatedB* 
60 lbs. presBura per hour. 

The usual rate of combustion in Cornish boilers is about 12 IbK 
of coal per square foot of grate area ; and tdiing the evapon^ 
tion ut "■25iba. from 60° per Ih. of coal, we get 12 x 7-26 
^ 87 lbs. of water eva|)orated per Bquare foot of grate per hour, 
and 1106 ^ 87 ^ I2| Hquar« feet of gnite, the area required. 
Fixing the maximum length at 5 feet, the width will be 2' 7', 
which will require a tube of about 2' 0' diameter. Allowing 
6 inches for bottom water space, and 2' 3' from furnace crown 
to shell crown, we have a boiler 5 6" diemeter ; sud taking Um 
length at four times the diameter, we shall have 22 feet aa tha 
Imigtb. 

Had the area, of fitfgraVo TBt\mte4'oeai\ lilMut 20 squara feet, 
it would have been adviaiible ^u \™.\^ ■CRa \&^^ (i\. y,t«js^ 
" t feet. >ad to make a. Lancaaftara Nwilet "i fei^ 'iiKOMWit ti 
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feet long, liaving two 2' 9' tubes, instead of making the grate 
6' 0' X 3' 4", and using a Cornish boiler 6' 0' diameter, with 
a 3' 6" furnace tube. 

Many tests have been undertaken to ascertain the evaporative 
power of different classes of boilers in actual work ; but few of 
these are of any value, owin^r to the unreliable means usually 
employed to measure the quantity of water evaporated. The 
easiest method, and consequently the one most frequently 
adopted, is to measure the quantity by the difference of its 
height in the water-gauge glass at the beginning and end of the 
trial, and also at intermediate stageR. This method is very 
rude and uncertain, since there can be little doubt that in many 
boilers at work the surface of the water is not level, but is 
usually higher over the furnace, or where the greatest ebullition 
oocurs. The difference in height at any moment will greatly 
depend upon the intensity of the ebullition which is ever vary- 
ing duiing the intervals between firing. With mechanical firing 
the difference of height is probably reduced to a minimum. 

The meters employed for measuriug the water are sometimes 
not trustworthy. The ouly sure method of ascertaining the 
quantity of water evaporated is by actual measurement with a 
cistern or vessel, whose cubic contents are accurately known. 
The quantity of water in the boiler before and after the trial 
should be measured at the same temperature, which should not 
exceed 212° to ensure accuracy. But even when the amount 
of water introduced and the quantity passed off from the boiler 
is accurately ascertained, there yet remains a doubt as to how 
much has been actually evaporated, and how much may have 
passed off in primiug, unless the trial has been conducted with 
the boiler open to the atmosphere, which appears to be the only 
condition under which accuracy can be ensured, unless a suitable 
apparatus can be provided for accurately measuring the weight 
and temperature of all the steam aud water given off when the 
boiler is working above atmospheric pressure. 

There are very few boilers that do not prime more or less, 
and the quantity of water passed off in this manner is sometimes 
very considerable, aud has led to the impossible results of 
16 and 17 lbs. of water evaporated per lb. of ordinary coal in 
locomotive and water tube boilers being seriously recorded. Ex- 
ternaUy fired boilers that have given the moderate result of 5 lbs. ' 
of water per lb. of coal at atmoapbeiio igt«a&\sx^^ \ivi^ %K<y«\s. 
the nuffxpected result of 10 and VI \\>%. ol ^^\«t ^^■w^'^^^^'^ 
40 Iba, presBuro, In fact, unleaa tll-a wuoxfl^ q1 ^v-<Bt t^^s®^ 
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over with the steam by priming, when working under pressure, 
can be accurately ascertained, the evaporative results are not to 
be relied upon, however carefully in other respects the trial may 
have been conducted. 

It is customary to give the quantity of water evaporated from 
a temperature of 212% to which the results of evaporation are 
usually reduced. 

The quantity corresponding to any temperature of feed water 
and working pressure can readily be found with the aid of the 
annexed table, taken firom the '^ Encydopsedia Britannica,^ 
wherein are presented the relations of the properties of steam, 
as now accepted by the best authorities : — 
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Properties of Saturated Steam. 
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Properties of Saturated Steam. 
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42 
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72 


57-3 


804-8 


1206-3 


.1692 


868 I 




73 
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74 
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Properties of Saturated Steam. 
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3315 


196 






147 


132 
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1322-2 


3336 


188 






14S 


1S3 


3 337-2 


1222 '3 


8357 
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149 


134 


3 357-8 


1222-5 


337T 


186 






150 


135 


3 358-3 


12i2-7 


8397 


IS* 






155 


140 


3 361 '0 


1223-5 


3500 


ITS 






lUO 


145 


3 363-4 


1224-2 


3607 


174 






165 


ISO 


3 306-0 


1224-0 


3714 


16B 






170 


155 


3 368-2 


122S-7 


3821 


16i 






175 


IGO 


3 370-8 


1228-4 


3928 


IM , 






180 


165 


3 372-9 


12^7-1 


403S 


lii 






185 


170 


3 375-3 


1227-8 


4142 


151 






190 




3 377-B 


1228-5 


42S0 


lis 






IBfi 


180 


3 379.7 


1:j29-2 


4357 


144 




200 


185 


3 381-7 


1229-8 


4464 


141 






210 


1S5 


3 380-0 


1231-1 


4668 


135 




■ 1 220 


205 


3 SW-fl 


1232-3 


4873 


129 
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2iO 


215 


3 \ Ms-a 
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Wil^ 
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Properties of Satv/rated Steam, 



Total pres- 
sure per 
sqiiareiiMch 
measured 
from a 


Pressure 
above atmo- 
sphere. 


Sensible 
temperature 
in Fahren- 
heit degrees. 


Total heat in 
degrees from 

zero of 
Fahrenheit. 


Weight of 

one cubic 

foot of 

steam. 


Relative 
volume of 
steara com- 
pared with 
water from 
which it was 


vacuum. 










raised. 


240 


225-3 


897-5 


1234-6 


•5270 


119 


250 


235-8 


401-1 


1235-7 


•5471 


114 


260 


245-3 


404-5 


1236-8 


-5670 


no 


270 


255-3 


407-9 


1237-8 


•5871 


106 


280 


265 3 


411-2 


1238-8 


-6070 


102 


290 


275-3 


414-4 


1239-8 


•6268 


99 


800 


285-3 


417-5 


1240-7 


•6469 


96 



Here we see that at 212^ the total quantity of heat in the steam 

is 1178° •!, which gives a difference of 966° -1. This heat, 

Usually termed latent, is absorbed in performing the work of 

expanding th6 particles of water from the solid to the gaseous 

state. Kow, suppose the water is evaporated at 60 lbs. pressure, 

the steam will have a temperature of 30 7S ^^^ & ^^^^ heat of 

1207^ If the feed has been introduced at 60% it is evident 

that 1147° of heat have been imparted. As the amount 

evaporated is inversely proportional to the quantity of heat 

required, we have 1147 -r- 966 = 1-2. Multiplying by this 

factor, the quantity evaporated at 60 lbs. pressure from 60°, 

We obtain the amount that would be evaporated at 212° by the 

Bame quantity of fuel. 

By the same table can be ascertained the comparatively small 
increase of heat required to evaporate water at higher pressures. 
Suppose we take water evaporated at 45 lbs. pressure from a 
feed temperature of 60°, then each lb. of water will require 
1202-7—60 = 1142-7° for its conversion into steam. If we 
take the pressure at 100 lbs. we shall have 1 2ir 9 — 60 = 
11'56^*9° as the quantity required. The difference between these 
two total quantities is only 14*2°, and is so small as to be scarcely 
worth considering. Leaving out of accoimt the loss due to the 
Blight reductibn of the conducting power of the material, the 
increased amount of heat required for the higher pressure wifi 
be only ^-^ of the total heat required at 60 lbs. With an 
evaporation of 7 lbs. of water from 1 \b. ol <Wi«\^\^ -sir^ \«i «^- 
Gained by nsiDg^^j more fual, or abo\x\i.\\\i, vcl ^i5?iw^ti\^'«'^ ^ 



R quantity not appreciable in the orJinary modes of weighiag 
coaL The economy is then manifcat of nsing steam of high 
pressure, when at the same tints advantage in taken of the 
facilities it offers for working expansively in the cylinder. 

The Baviug that may be effected by heating the feed water 
may be Hhowii as follovs : — If we take the normal temperatnra 
of the feed water at GO", the temperature of the heated water at 
212°, and the boiler presaure at 20 lbs., the total heat imparted 
to the steam in one case is 1192°-S — 60°= 1132°'5, and 
in theother casell92'5 — 212 = 980°^, the difference being 
152", or a saving ol Yri^S ^^ 13 '4 par cent. 

If the prei<Bure be tukeu at 120 lbs. instead of 20 lbs. the 
saving will be 13'1 per oeut., showing a slight diminution in tlie 
economy eflfeoted by heating the water when a high pressure in 
the boiler is employed. 

The loss from blowing off when fresh water ia used may be 
found as follows. Supposing the ratio of the quantity of water 
evaporated to that blown out is 10 : 1, we have with a preaaun 
of 20 lbs. and a feed temperature of 100° — 

Evaporated 10 (1193°-5 — 100°) = 10935 heat units 
Blown OQt 1(239-3 —100°)= 169*3 „ „ 
Total = 11084-3 „ „ 



showing a loss of only 1 '4 per cent, of the total heal imparted. 
With a pressure of 100 lbs. we should have a correspoudiiig 
' loss of 3 per cent. 

The otTect of the presence in a liquid of aoy Bubstanae is 
solution is to resist ebullition, and to raise the boiling point 
In ordinary fresh water tJie slight increase in the elevation of 
temperature, due to the preaeaceof salts in solution, is generally 
disregarded ; but in salt water, partially saturated, the increase 
is of some practical importance. The boiling point of saturated 
brine is 22lj°, aud that of weaker brine is higher thiui the boiling 
point of pure water by l°-2 for each ^, of salt the water ocm- 
iBins. The quantity contained by average sea water ia usuallj 
taken an -j^. The joes of heat by blowing out when aalt wal 
is used can easily be calculated for any pressure and degree 
saltness. Assuniiiig the temperature of the feed water to 
J 06°, at a preasHte of 20 Ibn., and a saUness of -^-j, the tel 
peratiire of the water in tXie \io\W 'd'tti W "iGl"-?, the 
,»pou<iuig total beai ol ^1» a\«aBi\Kimi'i.\a^'^,»ii^''W' 
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of water io be blown out is equal to the quantity evaporated. 
We have then : — 

For evaporation 1 (1194^*9 — 105°) = 1089-9 heat units, 
blown out 1 ( 261-7 — 1 05)= 156 7 „ „ 

Total = 1246-6 „ „ 
Consequently the heat lost by blowing out is xf l/s^ ^^ 1^*6 P^i^ 
cent, of the total heat imparted. 

In the same manner it will be found for a degree of satura- 
tion of 3^, when the quantity of water to be blown out will be 
*5 the quantity evaporated, that the loss of heat by blowing off 
will be only 6*7 per cent, of the total heat imparted. 



CHAPTER XVII. 

BURSTING AND COLLAPSING PRESSURES OP CYLINDERS 

BUBSTIKG P&ESSXmB. 

The followiDg table of the strength of cylindrical shells to 
resist internal bursting pressure in a direction parallel to their 
axis is calculated by this approximate formula-— 

T X c 
P =s — — — 
^ D. 

where P = bursting pressure in lbs. per square inch, 
T = thickness of cylinder in sixteenths, 
D = diameter of shell in quarter feet, 
c zz a constant, being, 

1097 for single riveting ) ... 

1372 for double riveting^ '^"K^* «'»''« 
1723 for single riveting \ , . 
2166 for double riveting] ®*®®^ 



"I " 



ft 



I 'I 



iL 
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COLLAPSING PRESSURES. 813 



CoLLAPSTNO Pressures. 

The following tables give the strengtli of tubes of perfectly 
circular form, or not more than about the thickness of plate 
firom the true circle. As the shape of long tubes, especially 
when of large diameter, is very irregular, and liable to undergo 
a gradual change, from the heat being applied chiefly at the 
crown, and from the resistance to expansion caused by rigidity 
in the end plates, to say nothing of the sudden distortion 
likely to arise from incrustation and the use of thick or greasy 
water, a large factor of safety should be allowed for the 
blowing-off pressure of the boiler. This should in no case be 
less than 4, and in new boilers, in which the pressure is so 
often after a time increased, a factor of not less than 6 should 
always be allowed. 

The tables are calculated by this approximate formula — 

p _ 262-4 X T2 



Lx r> 

F = collapsing pressure in lbs. per square inch^ 

T = thickness of tuba in thirty-seconds, 

L zz length in feet, 

D = diameter in quarter feet. 
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— irrongbtniiil eaatiroD, 1S4 


o( Kbsni, 120 


— bollow. 164 


Giwae Iq water leadic 


— eipBDsiua of, 1 53 


beating, 1S6, 2 


Fire dmn, 151 


— and priming, 150 


PIr«grstc, uea, 293 


— ma; retud ehalUi 


— inclineU, 154 


culation, 163 


— rfiott and long, 271 


— as afiected by sodf 


Firing, 267 


— nee af for prevent 


- forcri. 255 


tion, 177 


Fknging plat™, 35 




Fl^h-fiul, 156 


Grooving. 91. 92. 108 


Flal endi gf cjlinde™, 11, 22. 81, 68 




— Btaying, 23, 01 


— in verti<a! boil. 


Pi»t iiirfacBB, «ti«iglh ot 21. 22. 23 


— in waggon an< 
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boilers, IBB 


^^b — for eraiwration, 27S 


~ inComiah and 


^^Brtohar, 1. K, experimeuU on boUer 


boilei., 192, 


^^K exrloaioos, 241 


Guaset stays, 22, 97 






ploaiona, 243 


H. 


FloaU, 139 


FluM, cramped, 156 


Handholea in Tertical boi 


— eitenial, 2113 


HHyelaet boiler, 3, 19fi 


FraoturtB in east iron, 2? 


Heating snrfaee, covered 




15« 


3B, 42 


~ - andevapo, 


- in plHto, S5, 7S. 92, 115, 




205, 253, 281 






— — valaa o 


239 




Freneh boiler. 5 


nsing. 2. 307 


Fiunaoe boileta, (raclnre. in. 206, 


Hitler, H., boiler eipIoM 


207, 210 




FnroiOB moatli piece, 150 




— fronts, 152 


Hopkinson safety valve, . 


Purring, lee Incruatraljon. 


Hoiee power of boilen, S 


— np ot feed apparatns, 119 


Hydraalic riveting, 56 


„ - . - ^'0" »='. 5" 


Hydraslic test, 217 


Farrowing, let Grooving. 


Hydrochloric Mid in boilt 


FmiblB plugs, 131 








renewed, 133 
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a. 


Incmalation on cast iron, 




thicinesB of 


GsJbby'a tubes, 5 


- leads to 


QaUowaj boiler, *. 194, 293 


158, 229 


— tabes, 111 


— intfrferea wi 


Gairanio action, 81, 183, IBS) 


\ tion, 159 


Oiivge, mercurial presaate, \aa 




— dial prearare, 136 


\ ^'■''*^ 


^^r~ water, ^^^_ 
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inernstatioii, calcareous, 160 

— least in afoount oyer fur- 

nace, 163 

— loss of heat due to, 164, 

287,. 294 

— appearance o^ 167 

— means for preventing, 

168 

— prevented by blowing ofl^ 

169 

— by chemical agents, 172 

— by mechanical agents, 
• 177 

— by smearing boiler, 178 

— by improving circulation, 

180 

— prevented by sur&ce 

condensation, 182 

— by manual labour, 183 

— by electric agents, 184 
Iijectors, check valves on, 114 
Internal pressure in cylinders, 7, 213, 

310 
lotemally fired Boilers, Me Cornish 

and Liuicashire boilers. 
Iron, wrought, character of, 32 
— — limit of elasticity, 214 

J. 

tairiog strains, 40, 220, 284 
— . effects of, 62 
oints for boiler mountings, 112, 145 

E. 

^y's low-water safety-valve, 181 
Lirkaldy*8 experiments on wrought 
iron, 38 

— remarks on fracture of 

iron, 40-42 

— experiments on steel 

riveted joints, 50 

— experiments on welded 

steel bars, 52 

— experiments on welded 

iron bars, 86 

— experiments on screwed 

bars, 93 
Cirtley^s experiments on strength of 
welded iron plates, 87 

L. . ' 
imin»tiott ofphteB, 35, 211, 230 



\ 



Lancashire boilers, 4, 92, 107, 111 

— — flues 0^ 157, 293 

— — overheating of fur- 

naces in, 116 

— — expansion of tubes 

in, 193 

— — grooving in, 196 

— — setting of, 199 

— ^ — external corrosion 

of, 204 

— — fractures in, 207 

— — testing of, 219 

— — heating surface of, 

276, 290, 297, 
293 

— — fire grates of, 271, 

154 

— — evaporative power 

of, 298 
Lap joints, 69, 73, 81 
Lap, defect of too much, 79 
— amount of, 82, 84, 85 
Leakage, 80, 91, 220, 223 

— causes of, 202 
Lime, carbonate of, 160, 162 

— sulphate of, 160, 161 
Limit of elasticity, 214 
Locomotive boilers, 5, 90, 91, 116, 

117, 146, 204, 
211, 300 

— — fire boxes, 154 

— — heating surface 

of, 290, 291 
Longitudinal plating, weakness of, 

17, 72. 73, 89, 90 
Longridge, E. B., on explosions, 243 
Low moor plates, 33 
Low-water safety-valves, 131 

M. 

Machine riveting, 55 
Magnesia, carbonate of, 160-162 

— chloride of, 168 
Manholes, defective. 144 

— covers, 113 

Marten, E. B,, on explosions, 243 
Maynard, experiments on punched 

and drilled plates, 68 
Mechanical action as a cause of 

grooving, 197 
Mechanical i^ents for preventing in- 

l&oiiV WvCi^<^ ^^\ft^ ^^ 
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Mortar sboDld eot be used (br b«11er 

B«UJiig, 158, 108 
Mndholo, 113, H5 
MuiataboUr boilen, i, 277, 393. 299 
— — aetdng at, 203 



OtJ boilers, 10, 11 
Oval tubes, weahnesB of, IS 
Overhuatmg, cauied h; incrnBtBtioa, 
168, 166, 211 
■j — eauied bj greaaj watar. 



17& 



Halation of ai 



Oferpressore, 231 



Pitoh of rivets, 74, 79 
— tablea of, 81, 82, S4 
Fitting of platfs, ISS 
PUtBS, iron, 32, 2DS 

— thick edge, BI 

— thick, 69, 71, 84, 90, 281 
Plating, a9 

Fobuh for praventing inoroBUtion, 

175 
Power, boiler, 298 

— avaporativo. S73 

— horse, 2yB 
PreBsnre gangea, 133, 135 

— — position for filing, 

— initial blowing off, 120 

— high, economj of using, 2. 307 
PHmisg, causes of ajid pretention, 

149, ISD, 185, 173 

— loss of water caosed hy, 301 
PonehiBg, effects of on steel plates, 47 

— effects on iron pintea, 63, 84 

— power reqaited for, 65 

— indoiKs cormnon, 191 



^iitjofiron platea. 33, 40, 64 



Kankine, Prof., on strength 
snr&caa, S! 
— on he&tjng t 

283, 295 
Kastrrok boilen^ S 
Rate of oonibaBtioii, 278 
Eoed, B. J., on punched Bte«l 
48 
— on riTeted work, 

Rieet heada, 54, 82, fiS, 188 
Kivela, form of, 53, 66 

— lai^e, ai, 83 

~ atrengtb of, 55, G3, 68 

— pitch of, 74, 79, 82 

— tables, 31, 82, 8{ 
Biveted titeel plates, GO 

— joints, 53 
BirelJng by maehine, 6G 

— defeotiTe, 67 
RepnicB, &a affected b; riretini 



66 
Rnptnri 



of fire boze 



lOi 



SaLammoniai:, use of, 17B 
Salt water, aaalyui, 161 

— blowing oot, 171 
Safety valves, rule for area, IS 

— — lift of, 121 

— — effecdTfl openiig 

— — disc. 121 



— — dead weight, 12E 
_ _ Cowbnm. 129 

— — inoperatiie, 130 

— — low water, 131 

— — overloading, 231 

— — lock, 232 
Safety, factor of, 73, 89, 216 
Scale. See Incrustation. 
Seetional or tegmeatol boiler*, 

159, 228, 278 
— leiuniQlation of ^ ii 
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[>*s experiments on steel plates, 

]g strengtli of rivets, 56 
plates, 32 
ce prevention, 263 
pping of iron, 40, 41 
I, nse of for preventing incrnsta- 
tion. 172 
means for introducing, 172 
destructive to packing, &c. 174 
effect on plates,- 174 
used to prevent corrosion, 174, 
192 

f— nse of with greasy water, 175 
^. use of may cause priming, 1 38, 

173 
»— caustic, 174, 175 
<— salts, solubility of, 160 
l^herical boilers, 3 
phere, streugtb of, 19, 25 
taffordshire plates, 32 
tays, 23 
laying flat ends, 23, 91 

— egg-ended boilers, 98, 236 

— fire boxes, 104 

beam domes and chambers, 147 

— pipes, 29 

— properties of, 303 

— efflux of into atmosphere, 120 
tephenson, experiments on evapo- 
rative power of tubes, 284 

iieel for boiler making, 45 

— rivets, 61 

— welding, 52 

— corrosion of plates, 189, 190 
lone boilers, 2 

frength of cylinders, transverse, 8 

— longitudinal, 7-11, 72, 73 

— due to lap joints, 17, 72 

— collapsing, 13 

— of flat surfaces, 21 

— of sphere, 19 

— of rivet iron, 55 

— of riveted joints, 58, 69, 71, 

173 

— tensile of cast iron, 25 

— •— wrought iron, 38, 

43 

— — copper, 31 

— — steel, 44, 46, 49 

— — steel joints, 50 

— — stayBf 99 

— 7<M»o/fc7 punching, 64, 69, 
72 



Strengthening tubes, means for, 107 

— manholes, 145 

— domeholes, 150 
Stretching of wrought iron, 9, 42 
Surface condensation, 182 

T. 

Tables of diameter and pitch of rivets, 
81, 82, 84 

— properties of combustibles, 

245 

— 6omposition of coal, 249 

— heat of combustion, 251 

— results of coal trials, 260 

— rates of combustion, 272 

— evaporative efficiency, 296 

— properties of steam, 

— bursting pressure of cylin- 

ders, 311 

— collapsing pressures of cy- 

linders, 314 
Tallow, use of, in boilers, 177 
Tannic acid for incrustation, 175 
Taps, water gauge, 133 

— blow out, 142 

— best taper of, 142 

— gland and plug, defects of, 143 
Taylor Brothers' plates, 33 
Temperature, influence of, on strength, 

31, 43 
Tenacity of cast iron, 25 

— wrought iron, 9, 38 

— copper, 31 

— steel, 44, 46 

Test for boilers, hydraulic, 219 

— — objections to, 222 

— — duration of, 222 

— — steam, 218, 223 
Testing iron plates and rivets, 36 

— steel plates, 52 
Tie rods, 94 

Tightness, importance of, 80 
Treacherous character of cast iron, 25 

— — steel, 45 

Tubes, means for strengthening, 106 

— OAfllapse of, 236 

— strength of, 14, 216, 313 

— steel, 49, 107 

— length of small, 293 

— distortion of, 220 
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Tnbalow boUen, 8, 27, 159, 228, 
278 



U. 

Unit boiler, 8, 27, 228 

Ure, Dr., analysis of sea water, 161 



V. 

Valves, feed back pre«ure, 118 

— safety, 119 

— blow out, 141 

Vertical boUer, 5, 89, 90, 92, 202, 

299 

— — fire grates of^ 154 

— — fractures in, 210 

— — grooYing in, 195 
Vibration, effects of, 40, 62, 220, 284 
Voltaic action. See Galvanic action 

W. 

Wagon boiler, 3, 195 



Wash-out plugs, 146 

Waste pipes to safety valfw, IS 

— to blow out appaa 

148 

Water feed, nature o^ should infl 

chcnoe of boUer to be umc 

— pockets. 111, 278 

— gauges, 136 

^ spaces, 108, 110, 111 

— tubes, 4, 110, 276, 278, 
Wear and tear due to overhe 

158 
Welded iron pUtes, 86, 197 

— steel bars, 52 
Welsh coal, 248 
Williams on evaporative poi 

tubes, 289 
Woolf boiler, 5 
Working of wrougbt-iron platei 

— steel plates, 46 
Wrought-iron plates, 32 

— character of, 34, 
-.. tenacity o( 9, Z\ 



THE END. 
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Tool.. Hy T.Baker, C.E. With Remart. on TdqIi and MKbineij.by 

J. Nasmttb, C.E. Plate., M,5d. 
III. JMCfl7A'£,Sy,Elemeiitaiy Principles of, in its Construction anil 

Workinf, llln.tratod by nomemui Eiamplc. of Modem MachineiT fiw 

dISeiBDt BranchH of Manufaclnrc. By CD, Asn, C,E. 11. bd. 
115. ATLAS OF PLATES. lUustratinB the above Treatise, By 

C. D. Abil, C.E. 71. 6d. 
lie. THE COMBUST/ON OF COAL AND THE PREVENTION 

OF SMOKE, Chemicallr and PracticaUy Canlidcird. Wilh an Anpendil. 
ByC.WYB WauAMS, A.I.C.E. PUles. is. 
119. THE STEAM ENGINE, a Treatise on the Mathematical Theoiy 
bL wilb RiilH i.t lenglb. and EiuDplet for the Uu of PracLical Heo. By 
T, BakiR, C.E. lllusiraled. is. 

i6i. THE BRASS FOUNDER'S MANUAL; Instnictioja for 
Modellini;, Pattern -Making. Monlding, Turdine, Filine, BsnliliiBf. 
Bioniing, tc. With copiou! Keceipts, numerous Tablo, and Kotei on Primt 
Co.ts and Estimates. By Waltib Gbahah. niuitraled. is. fid. 

164. MODERN WORKSHOP PRACTICE, as applied to Marine, 

I,and, and Locomolive Engines, FloatioE Docko. Dredgioe Macbiui, 
Biidges, Cranes, Ship-building, 8.c.,Sc. By J, G. WwTON. Illustnueiji. 

165. IRON AND HEAT, exhibiting the Principles concerned in ihe 

Conitmction of Iron Beimi, PvU^ts. arA arvdsE Girdera, and Ibe Action al 
Heat in the Smelting Futnice. ^j J. K».>ioue.,t.S..-B.™*«™i WoodcnU. 
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chanical Engineering, etc., continued, 

'}. POWER IN MOTION: Horse-Power, Motion, Toothed- Wheel 
Gearing, Long and Short Driving Bands, Angular Forces. By Jambs 
Armour, C.E. With 73 Diagrams. 2s. 6d. 

r. THE APPLICATION OF IRON TO THE CONSTRUCTION 
OF BRIDGES, GIRDERS, ROOFS, AND OTHER WORKS. Showing 
the Principles upon which such Structures are designed, and their Practical 
Application. By Francis C ampin, C.E. Numerous Woodcuts. 2s. 

[. THE WORKMAN'S MANUAL OF ENGINEERING 
DRAWING. By John Maxton, Engineer, Instructor in En^neering 
Drawing, Royal School of Naval Architecture and Marine Engineering, 
South Ajensington. Illustrated with 7 Plates and nearly 350 Woodcuts. 3s.6d. 

SHIPBUILDING, NAVIGATION, MARINE 

ENGINEERING, ETC. 

I. NAVAL ARCHITECTURE, the Rudiments of; or, an Exposi- 
tion of the Elementary Principles of the Science, and their Practical Appli- 
cation to Naval Construction. Compiled for the Use of Beginners. By 
Jambs Pbakb, School of Naval Architecture, H.M. Dockyard, Portsmouth. 
Fourth Edition, corrected, with Plates and Diagrams. 3s. 6d. 

». SHIPS FOR OCEAN AND RIVER SER VICE, Elementary 
and IVactical Principles of the Construction of. By Hakon A. Sommbr- 
FBU>T, Surveyor of the Royal Norwegian Navy. With an Appendix, is. 

». AN ATLAS OF ENGRAVINGS to Illustrate the above. Twelve 
large folding plates. Royal 4to, cloth. 7s. 6d. 

^. MASTING, MAST-MAKING, AND RIGGING OF SHIPS, 
Rudimentarv Treatise on. Also Tables of Spars, Rigging, Blocks ; Chain, 
Wire, and Hemp Ropes, Sec, relative to every class of vessels. Together 
with an Appendix of Dimensions of Masts and Yards of the Royal Navy of 
Great Britain and Ireland. By Robbrt Kipping, N.A. Thirteenth Edition. 
Illustrated, zs. 6d. 

K IRON SHIP-BUILDING. With Practical Examples and Details 
for the Use of Ship Owners and Ship Builders. By John Grantham, Con- 
sulting Engineer and Naval Architect. Fifth Edition, with important Addi- 
tions. 4s. 

r AN ATLAS OF FORTY PLATES to Illustrate the above. 
Fifth Edition. Including the latest Examples, such as H.M. Steam Frigates 
"Warrior," "Hercules/' " Bellerophon ; " H.M. Troop Ship "Serapis," 
Iron Floating Dock, Sec, &c. 4to, boards. 38s. 

>. THE SAILOR'S SEA BOOK: A Rudimentary Treatise on 
Navigation. I. How to Keep the Log and Work it off. II. On Finding the 
Latitude and Longitude. By James Greenwood, B.A., of Tesus College, 
Cambridge. To wnich are added. Directions for Great Circle Sailing ; an 
Essay on the Law of Storms and Variable Winds ; and Explanations of 
Terms used in Ship-building. Ninth Edition, with several Engravings and 
Coloured Illustrations of the Flags of Maritime Nations. 2s. 

). MARINE ENGINES, AND STEAM VESSELS, a Treatise 
on. Together with Practical Remarks on the Screw and Propelling Power, 
as used in the Royal and Merchant Navy. By Robbrt Murray, C.E.. 
Engineer-Surveyor to the Board of Trade. With a Glossary of Technical 
Terms, and their Equivalents in French, German, and Spanish. Fifth Edition, 
revised and enlarged. Illustrated. 3s. 

s. THE FORMS OF SHIPS AND BOATS: Hints, Experiment- 
ally Derived, on some of the Principles regulating Ship-building. By W. 
Bland. Sixth Edition, revised, with numerous Illustrations and Models, zs. 6d. 

>. NAVIGATION AND NAUTICAL 4STRONOMY, in Theory 
and Practice. With Attempts to fac\\\tale^eY\ti^\xv^tQ!l ^'fe'^vcEkfc-w^^'^^ 
Longitude at Sea. By J. R. "Young, iotmctVy "Ctoleaaot ^^^^^aJSowaaSw^^a 
Beltaat College, Illustrated, zs. 6d. 
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Shipbuilding, Navigation, etc., eontinual. 

loo*. TABLES intended lo fadlilale tlie Operations of Namgatifln nl 

Nautical AilroDQniy, ai an Actumpaainient to Uic above Hook. BrJ.B. 

106. SmPS' ANCHORS, a Treatise on. By George Coissu, 

N.A. nJuHralrf. is. 6d. 
149. J^rf/ZS ^A7) SAIL-MAKING, on Elemenlaiy Treitise ml. 

Wilh Dr>.iiE>>line. aad the Cirnlre of Effort of the Saili. AJio.WaeM 
and SiiH of Hapci ; Mutine, Rigging, and S^li of Steam Veoeli. »c,k 
Ninlb EdidoD, entsicod. wi th an Appendii. By Robebt KimilE, NA, 
Sailnaker, QuayBd=,7Jowcnillc IlfmtnilMi. u, 6d, 
tss. 7WS ENGINEER'S GUIDE TO THE ROVAL AM 
MERCANTILE NAVIES, fly a Pbictt'-ai. Engikeih. Reyisrf liiIX 
F. M'Casthy, late of the Ordnance Sar^oy OiEi:.', ^oDtbamptoii. jl 

PHYSICAL SCIENCE, NATURAL PHILO- 
SOPHY, ETC. 

By Professor GeORGI 

ppHcatioD nf Cbo 

J Ihe Study of; Sn 

„ -, on NatuialSc-— ~ 

King's CplleiB School, London. Woodcut.. 11. M. 
4- MINERALOGY, Rudiments of : a concise View of the Propntia 

ofMincrals. ByA. R*usBV,Juo. Woodinti and Steel PlatM. j[ 
G, MECHANICS, Rudimentary Treatise on; Being a cond 

— '^ioDof the General Frint:iplei of Mechanical Science, and their Applies 
. By CKABtM TOUUNSON, Lecturer on Natural SciencB is Ku^l 



)D of the General Frinciplei of Mechar 

By CKABtM TOUUNSON, Lecti 

College ^hcol, London. Illuitrated. 

7. ELECTRICITY; showing the General iMnciplei of Electl 

Sdence,and Iho pnipoieitoirAich it has been iqiplled. Br SirW. S— - 
HAHiiiE, F.R.S.. &c. Witb coiudderable Addilioni iiy R. Suam. CS- 
V.S.A.. Wooacnl!. IS. M. 
7». GALVANISM, Rudimentary Treatise on, and the General Prin-1 
ciplei of AoiBial and Vnluie Electricity. By Sir W. Skow Hamis. Ne* 
E£lion, revised, with coniiderable Additions, by RoBSHt Sabiki. C.IU 
F.S.A. WoodcuH. it.iW. ^ 

8. MAGNETISM; being a concise Eipoailion of the Genenl Priaj 

By Sir W. "^ow Harris, kew E^lion, leriied and enlarged by'ffin 
NoAD, Ph.D., Vice-PrMidcnt of the Chemical Society, Aathor of "jU 
Manual of Electricity," &c., Ilc. With 165 Wooocutt j>. 63. 1 

11. TBE ELECTRIC TELEGRAPH; ita History and Promss^ 

wIlhDescrlpii-oiisofsomootlheApparalni. By R. Sabini. C.E., P.sX»o. 

12. PNEUMATICS, for the Use of Beeinnen, By ChablS 
Tdhltsbow. Illustraled. is. M. ( 

n Recent mt 
tb Appendix 4 
i joo Woodco« 

?9»». PHOTOGRAPHY, Popular Tt^tise on; with a Description ^ 
-■le StereoicBpe, be. Translated from the French of D. Yhh MoHCKBOvna 
-,'. H. TwoRKiHwAiTii. Pb.D. WoodcBt]. II. 6d. ] 

pfi. ASTRONOMY. B^ Ae Rct. R. Main, M.A., F.R.S., M 
'lew and enlarged Eii.t\on, ■mt'B an k-giBoS.!. m, •' ^«itaiBi Anilya.i 
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weale's rudimentary series. 7 

Physical Science, Natural Philosophy, etc., continued, 

. 97. STATICS AND DYNAMICS, the Principles and Practice of; 
embracing^ also a clear development of Hydrostatics, Hydrodynamics, and 
Central Forces. By T. Baker, C.£. zs. 6d. 

138. TELEGRAPH, Handbook of the; a Manual of Telegraphy, 
Telegraph Clerks' Remembrancer, and Guide to Candidates for Employ- 
ment in the Telegfraph Service. By R. Bond. Fourth Edition, revised and 
enlarged : to which is appended, QUESTIONS on MAGNETISM, ELEC- 
TRICITY, and PRACTICAL rELEGRAPHY, for the Use of Students, 
by W. McGregor, First Assistant Superintendent, Indian Gov. Telegraphs. 
Woodcuts. 3s. 

143. EXPERIMENTAL ESSAYS. By Charles Tomlinson. 

I. On the Motions of Camphor on Water. II. On the Motion of Camphor 
towards the Light. III. History of the Modem Theory of Dew. Woodcuts, zs. 

173. PHYSICAL GEOLOGY, partly based on Major-General Port- 

lock's " Rudiments of Geology." By Ralph Tate, A.L.S., &c. Numerous 

Woodcuts. 2S. 

174. HISTORICAL GEOLOGY, parUy based on Major-General 

Portlock's " Rudiments." By Ralph Tate, A.L.S., &c. Woodcuts. 2s. 6d. 
173 RUDIMENTARY TREATISE ON GEOLOGY, Physical and 

& Historical. Partly based on Major-General Portlock's "Rudiments of 
11 ± Geology." By Ralph Tatb, A.L.S., F.G.S., &c., &c. Numerous Illustra- 

'T"' tions. In One Volume. 4s." 6d. 

183. ANIMAL PHYSICS, Handbook of. By Dionysius Lardner, 

^ D.C.L., formerly' Professor of Natural Philosophy and Astronomy in Uni- 
versity College, London. With 520 Illustrations. In One Volume, cloth 
Io4« boards. 7s. 6d. 



* * Sold also in Two Paris ^ as follows : — 
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164. Animal Physics. By Dr. Lardner. Part 11. Chapter VIH— XVIII. 3s. 



J83. Animal Physics. By Dr. Lardner. Part I., Chapter I— VII. 4«. 
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MINING, METALLURGY, ETC. 

117. SUBTERRANEOUS SURVEYING, Elementary and Practical 
Treatise on, with and without the Mag-netic Needle. By Thomas Fenwick, 
Surveyor of Mines, and Thomas Baker, C.E. Illustrated. 2s. 6d. 

133. METALLURGY OF COPPER ; an Introduction to the Methods 

of Seeking, Mining, and Assaying Copper, and Manufacturing its Alloys. 
By Robert H. Lamborn, Ph.D. Woodcuts. 2s. 

134. METALLURGY OF SILVER AND LEAD. A Description 

of the Ores ; their Assay and Treatment, and valuable Constituents. By Dr. 
R. H. Lamborn. Woodcuts. 2s. 

135. ELECTRO-METALLURGY; Practically Treated. By Alex- 

ander Watt, F.R.S.S.A. New Edition. Woodcuts. 2s. 

172. MINING TOOLS, Manual of. For the Use of Mine Managers, 
Agents, Students, &c. Comprising Observations on the Materials from, and 
Processes by which, they are manufactured ; their Special Uses, Applica- 
tions, Qualities, and Efficiency. By William Morgans, Lecturer on Mining 
at the Bristol School of Mines. 2s. 6d. 

172*. MINING TOOLS, ATLAS of Engravings to Illustrate the 
above, containing 935 Illustrations of Mining Tools, drawn to Scale. 4to. 
4s. 6d. 

176. METALLURGY OF IRON, a Treatise on the. Containing 
Outlines of the History of Iron Manufacture, Methods of Assay, and AnalYSft* 
of Iron Ores, Processes of Manufacture oi Ittwv. axA ^"<rA> Vk.. ^^ ^''^ 
Baverujls, F.G.S.. Associate of the leioyaX Sc\voo\ o\ '^'««»- ^wiS^. 
MditioB, revised and enlarg^ed, with numeTOXA WVxi&tx^^vyaa. f,*.X50.. 



7, STATIONmRS* HAIX CO\JRT» lAJDOKT^ TaXV5-> ^-^^ 



8 WEALt's RUDIMENTAW I 

Mining, Metallurgy, etc., cantinuid. 

iBo. COAL AND COAL MINING: A Rudiraentary Tre»ti»f m 

By Warinoios W. Smtih, M.A., F.R.5., &c,, Chief liinwcMr of ll 

IfinB o( Iho CtDwn ind of ihf Duchy of Comwilf. SFCond Edilion " 



EMIGRATION. 
154. GENERAL HINTS TO EMIGRANTS. ConUiniDe NoSi 

of tba vuioui Field! for Eia^CT^Hon. With Hints an Prepanliaa ^ 
.Emigrul. With a Map of ilui World. 11. ^ 

157. rjKS EMIGRANTS GUIDE TO NATAL. 

jAHia M*NN, F.R.A.S., F.M.S. Second Edition. c»ti:{u 

the prsEent Date. Map. it. 
ISO, rZK EMIGRANT'S GUIDE TO AUSTRALIA, Nem & 

W,Aa. WatCTT, Auilralii. Sputk Amfnliaj Vklsria. an. ■" 

the Rev. jAues BAnn. B.A. Map. aa. 6d. 
160. THE EM/GRANT'S GUIDE TO TASMANIA and 1 

ZEALAND. By the Rev, Jams? Baibd, B.A. With a Map. h. 
ISgkTHE EM/GRANT'S GUIDE TO AUSTRALASIA. Bfl 
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AGRICULTURE. 

19. r/r.£ DRAINAGE OF DISTRICTS AND LAIfDSA 
G. Drvkdui DuunEV, C.E. Illustrated. 11.&). * 

%• Wiik'-DraiHogta/ Toxmsan(iauiUaip,"iHOnt Vat.,-^ 

63. AGRICULTURAL ENGINEERING : Fann BuUdt 

Powani and Machinery of the Steadias. Field MacfaioeB, 

By G. H. Akdhews, C.li. Lluitrated. 3.. 
66. CZ.,iK LANDS AND LOAMY SOILS. Bv 

Do«AtDao>. II. ' 

131. MILLERS, MERCHANTS, AND FARMER'S J 

RECKONER, fot asceitaininff at tight th- . ' 

from One Bushel to One Hnndred Quan— - 

^ per quarter. Toaecher with the ap| 

140. SOILS, MANURES, AND CROPS (Vol. i. OUTLraa( 

MoD(HK Faemi.vc.) By R. Scoir Bukm. Woodeuti. 11. 

141. FARMING AND FARJUING ECONOMY, Notes. ] 

and Practical on. (Vol. i. Onrujus of MonsRS Fabuwi 
BuBK. Woodcuts. 3S. 
14J. STOCK; CATTLE, SHEEP, AND HORSES. ' 
OuTLifc-iiB DF Moi>EB!j Fahminc.I By R. Scott Buhh. Wood' 

145. DAIRY, PIGS, AND POULTRY, Management « 

R. Scott Bdrb. With Notes on the Disoasos of Stock. (T6L3 
OB MoDBHM Farmino.) Woodciits. IS. P 

146. UTIUZATION OF SEWAGE, IRRIGATIOl^ 

RECLAMATION OF WASTE LAND. (Vol. 5. OtraiiKIsa 
Faruing.1 BjR, Scott Burw. Woodcuu. as. 6d. '^ 

••• Wol. 140-1-2-5-6, in OneVQ\., hatiMmely half-hound, mtiCIed " 
MODERn FaRKIBO." £■( ROBW.t Stott ■Bu»s. W.™o 

1/77. J'RUIT TREES; T^eSc.ientif.ci'nitYQ^^aMWif^ 
lie French ofDu Bkeuii.,Rc"«*^'^*'>'^'*""' ""'' 
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WEAIE's KUDtMBNTARY SEM19. 



Arlthinellc, Geometry, Mathematics, e\C, cantinuid. 

8i. COMMERCIAL BOOK-KEEPING. Wilh Commercial Phwie 
luid Formi in EnElith, French, lulim, and Ghbhb. Bj TAias Hadbt^^ 
M.A., Arithmsticil Muter pf Kide'i Callegi School, LobiIdd. ». 

8^. ARITHMETIC, a RndimenUiy Treatise on : vith full Explu 

l£°U« 'of Sch^i '"d fm^f-'l^i'l?oc£™"% I. R°-?o™ft laSpnffM.a 
of Miitberaalici In Bel^ CoUego. N«n EdilfoD, Rilb Indi:!. u.6d. 
«j* A Kiv !□ the abovF, Fantilning Salnlioni in full to Iha Exandio, tonllK 
nitli CoiDinaota, Biplustiau, and Improvad Pioccuei, fbr Ab Dm < 
TeuheniiQaiJDauiiUdLeuowi. B;J. K'YouHa. ii, 6il. 

85. EQUATIONAL ARITHMETIC, applied (o Quesaons of Interest 
Bt". AnmiitiM.I-ifoAisarancE. and General C.iiamotce : with .,---—- "-■-'-'-' 

' which all CalculatioDi mar be Eicatli bdititited. By W. H 
Parti, ... ™h ; or in One Vol. aj, 

86, ALGEBRA, ihe Elements of. By James Hadix>n, MX 

Sccnnd Matheiaatical Uaitcr of King's Cnllcec School. With Apptni''- 
containine nlicelJaneoui InvestiBationJ, and a CollBclLon of Pmbfenu 
vvigus para of AlKcbia. u. 
gfi* A Kev AMD CairpANioN to ihe aboTo Bock, forminz u ulcnslte ranoiiloii 
SolTCd EianDlu and Problem) in lllattralion of the Tirioo* ^medic 
Bscusarr in AlgEbraicDl Operalioni. Bipecially adapted [01 SalMsilr 
Uon, ByJ. R.YaDHO. ii. 6d. 

88. EUCLID, The ELSUEtn;s of : with many additicsml Propositioit 

Xa. aad Eiplsnatory !Jatei : to wliicb ii pnGisd, as InUoductoiT BBaj « 
' Logic. By Henry Law, C.S. si.Sd. 

■•■ Said aJw ttparultly, vix. .-— 
SS. EucUD,TboFint Three Booki. By Hinri Law, C.E. n 
B9. EfcuD.BoDk><, 5, 6, II, II, 13y HoNBv Law, C.E. is. 63 

90. ANALYTICAL GEOMETRY AND CONICAL SECTIOM 

% RDdiDulai; Ticatiss on. By jAuits Hanh, UU Matbeioatinl UaMr 
Kini'i College School, London. A Kew Edition, rs-written and enhuT 
by :r R- Ydons, formstly Pcoleuar of M^thcnuitk] at Rultut CaU<«e. 1 
a\. fLANE TRIGONOMETRY, the Elements of. ^ '""^ 
Hank, foraerly Malhinnaticnl Ma>lcr of Kine'* Collegr, Looaon. -. 

91. SPHERICAL TRIGONOMETRY, the Elements of. ByjAW 

Hank. Revised by Cmables 21. Doivukg, C.E. ii. 
•,• Or milk " TJu EUmcnti afPiaiu Triganmntfiy," in Ont 

93. MBNSURA TtON AND MEASURING, for Stndenis and Pno 

ticsl Use. With the Meniuralion and Levelling of Land foe the Futpon 
Modem Eneineerine. i<y T. SAKga, C.E. Ns» Edition, -nith CofiMia 
and Additioni by E. Nuobst, C.E. illojlrated. la. 6d. 

94. LOGARITHMS, a Treatise oa; with Mathematical Tables 

facilitatinff AiEronomical, Naulical.TricroDomatiical.aiid I.o£raritblilic Cak 

Utioni; Tablw of Natural Sinei and^'angeots and Natual Cesnet. 1 

HiKBV Law, C.E. IlluitcatinL H.Gd. . 

Iol«. MEASURES, WEIGHTS, AND MONEYS OF ALL JW 

TIONS, and an Analysis of the Christian, Hebrew, 

Calendar. By W. S. B. Wmlbousii, B.K.A.S., tc. i.. 
lOi, INTEGRAL CALCULUS, Radimentary Tieatisi 

HoMRBSHA.'- Ccix, B.A. liluslrated. \i. 
101. INTEGRAL CALCULUS, Examples ou the. Ey James Has 

late of King's Collrec, London. Illustcatcd. is. 
101. DIFFERENTIAL CALCULUS, -Examples of (bt. By W. S. 

WooiHoi-ar, F.R.A.S., ic. is. 63. 
104. DIFFERENTIAL C^iCyZKJ, Eiamplesand SoluHoiitrf 

ByjAHMHADCON.il.f., «. 
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- ALXithmetlc, Greometry, Mathematics, etc., continued, 

m K^ MNEMONICAL LESSONS, — Geoaietry, Aix>ebra, and 
- Trigonomitry, in Easy Mnemonical Lessons. By the Rev. Thomas 

PiNYNOTON KiRKMAN, M.A. IS. 6d. 

'■" 136. ARITHMETIC, Rudimentary, for the Use of Schools and Self- 
Instruction. By Jambs Haddon, M.A. .Revised by Abraham Armax. 
zs. 6d. 

137. A Kby to Haddon's Rudimentary Arithmetic. By A. Arman. is. 6d. 

147. ARITHMETIC, Stepping-Stone to; Being a Complete Course 

of Exercises in the First Four Rules (Simple and Compound), on an entirely 
new principle. For the Use of Elementary Schools of every Grade. Intended 
as an Introduction to the more extended works on Arithmetic. By Abraham 
Arman. zs. 

148. A Key to Stbpping-Stonb to Arithmetic. By A. Arman. zs. 

158. THE SLIDE RULE, AND HOW TO USE IT; Containing 
full, easy, and simple Instructions to perform all Business Calculations with 
unexampled rapidity and accuracy. By Chari.bs Hoare, C.E. AVith a 
Slide Rule in tuck of cover. 3s. 

168. DRAWING AND MEASURING INSTRUMENTS, Includ- 

ing' — ^I. Instruments emploved in Geometrical and Mechanical Drawing*, 
and in the Construction, Copying, and Measurement of Maps and Plans. 
II. Instruments Used for the purposes of Accurate Measurement, and for 
Arithmetical Computations. By J. F. Heather, M.A^ late of the Royal 
Military Academv, Woolwich, Author of " Descriptive Geometry," &c., &c. 
Illustrated, zs. od. 

169. OPTICAL INSTRUMENTS. Including (more especially) Tele- 

scopes, Microscopes, and Apparatus for producing copies of^Maps and Plans 
by Photography. By J. F. Heather, M.A. Illustrated, zs. od. 

170. SURVEYING AND ASTRONOMICAL INSTRUMENTS, 

Includin^;^ — ^I. Instruments Used for Determining the Geometrical Features 
ofa portion of Ground. II. Instruments Employ^ in Astronomical Observa- 
tions. By J. F. Heather, M.A. Illustrated, is. 6d. 

^^ The above three volumes form an enlargement of the Author's original work. 
** Mathematical Instruments: their Construction, Adjustment, Testing, and Use, 
ikd Eltventh Edition of which is on sale, price is. (id. (See No. 32 in the Series.) 

tes.^! MATHEMATICAL INSTRUMENTS, By J. F. Heather, 

169. r M.A. Enlarged Edition, for the most part entirely re-written. The 3 Parts as 
xyo.y above, in One thick Volume. With numerous Illustrations. Cloth boards. 5s. 



LEGAL TREATISES- 



5a THE LAW OF CONTRACTS FOR WORKS AND SER^ 
VICES, By David Gibbons. Third Edition, Enlarged. 3s. 

107. COUNTY COURT GUIDE, Plain Guide for Suitors in the 

County Court. By a Barrister, is. 6d. 

108. THE METROPOLIS LOCAL MANAGEMENT ACT, i8th 

and 19th Vict., c. 120 ; 19th and 20th Vict., c. 112 ; 21st and 22nd Vict., 
c. 104 ; 24th and 25th Vict., c. 61 ; also, the last Pauper Removal Act., and 
tiie Parochial Assessment Act. is. 6d. 

io8». THE METROPOLIS LOCAL MANAGEMENT AMEND- 
MENT ACT, 1862, 25th and 26th Vict., c. 120. Notes and an Index, is. 
\* With the Local Management Act, in One Volume, 2s. 6d. X 

151. A HANDY BOOK ON THE LAW OF FRIENDLY, IN 
DUSTRIAL 6- PROVIDENT BUILDING &» LOAN SOCIETIES. 
With copious Notes. By Nathaniel White, of H.M. Civil Service, is. 

163. THE LAW OF PATENTS FOR INVENTIONS; and otv 
the Protection of Designs and Trade Marks. B"s "E .^ . CKSKB\^,'^^rt\&\Kt- 
atoLaw. 28. 



/, stationers' hall court, lAIDGKi:^ 15\\A.^ ^*^- 



WSALE's ECUCATIOlti^ Af(0^ 

MISCELLANEOUS VOLUMES. 

36. A DICTIONARY OF TERMS used in ARCHITECTURE, 
BUrLDING.F.NCINEERINC.HlNING.MeTALLVRGy.ARCHX.- 
OLOGY.thi FINE ARTS.b^. ■W\A^x^-BMaxjO\Mt^i'lio\ 
Sabiecn cDnnKUd wilb Applied BclencB and Art. By Jo 
Fnnrtb Edition, with giuacrous Addltioai. Editsd by RoBIBI Huai, x .h.m. 
KHpsr of MiDinE Rccardi, Editor oT Un'i " Diclionni; of Arti, ikaxSa- 
tu»i,udMm»r' HuniBras. lUiutratiDiii. 51. 
IH. MANUAL OF DOMESTIC MEDICINE. Describuig iht 
SymptDiui.Caiuin.iiadTnatmeDtoftbeinDitcoiiimoiiMedii ' "---'-< 
Aflcclipn.. lly K. GooBiKO, B.A., M,B,. The whole istec 

HI". MANAGEMENT OF HEALTH. A Manual of Home snd 
Penoniil Uvsienc. Being Frutical Hinti on Air, Light, 
Eieiciso, Diet, lod ClolhroE; Keit, Sleep, and Menul Dii 
and Ttae»peutic>. By the Rer. Jahrs Eaird, B.A. 11. 
113. ^/eZZ> ARTILLERY ON SERVICE, on [he Use of. Wiii 
esp«:id Reference (D that of an Ann;CDrpi. For 01!l<:en of lUAiU 
Hv TAUBfKT, Caplain, PniMian Artillery. Translated from the Genu tj 
Licul.-Col. IlBHiiv Hamilton Maxwell, Bene^ ArtiUerr. 11. ed. 

III*. SWORDS. AND OTHER ARMS used for CutiinB and Thntf- 
ing, Memoir on. By Colonel Marbv, Tramlited from the Fmel U 
C^onel U. U. Maxwell. With Notci and BUtei. is. 

150. LOGIC, Pure and Applied. By S. H. Emuens. TWri 

151. PRACTICAL HINTS FOR INVESTING MONEY. WA 

anEipliinntinnol theModeo/Tr 7-_ D_.i i.e.... d_i. 

By Francis Plavtoho, Swom B 
t Si. SELECTIONS FROM LOCKE'S ESSAYS ON TBS, 
HUMAN UNDERSTANDING. With Noleiby 3. H. Eiiaim. a. 



EDUCATIONAL AND CLASSICAL SERIES. 



HISTORY. 



. England, Outlines of the History of; more especially iril 
loferenee to Ibe Oriein and Progress of the Ecgliih Constitution. A Tp 
Book (or SchoDli an^ College!. Bt William Douglas Uahiltob, t&X 



connection with A 
Kiso 01 tnc Ari5 ana civuiianon in Europe, ay v/. Douolas H 
of Unlnerainr College, Londoji, and EowAnn Levibw, M.A., o 
College, Oilord. 31. 6d, ; doth toatdi, 31. 6d. 
7. Rome, Outlines of the History of: From the Earliest Perio 



a and the Commcncenient of thj Decl 

\KO LeviEN, of Balliol College, Oiford. M:ip 



9. Chronology of History, Art, Literature, and PtoktMI 

, ,1..,- .: r.i... ,.-__,! ._ .._ ^___t.... r.i_ ^ o.8» 



_;^ofll.e 
ccotd OfEce. 35. ;' clo'ih ?oa. 
50. Dates and EveiaVa in English History, for the 



D. Hahi 
idatBi in Public and Pr.-ra.\eB,i,aBvnaiv<,M. ■>fti\"M'Rev. Edoa* 



IXIHUOB-. ^.QClt^\QOD I 



1^ whale's IDOCATIONAL AND CLASSICAL SEMES. 1^^ 

. ENGLISH LANGUAGE AND MISCEL- 
LANEOUS. 

11. Grammar of the English Tongue, Spoken and Written. 

With an Introduction to the Study of Comparative Philology. By Hyob 
Clarke, D.C.L. Third Edition, is. 

II*. Philology s Handbook of the Comparative Philology of English, 
Anelo-Saxon, Frisian, Flemish or Dutch. Low or Piatt Dutch, High Dutch 
or German, Danish, Swedish, Icelandic, Latin, Italian, French, Spanish, and 
Portuguese Tongues. By Hydb Clarke, D.C.L. xs. 

12. Dictionary of the English Language, as Spoken and 

Written. Containing above zoo,ooo Words. By Hyde Clarke, D.C.L. 
3S. 6d. ; cloth boards, 4s. 6d. ; complete with the Grammar, cloth bds., 5s. 6d. 

48. Composition and Punctuation, familiarly Explained for 

those who have neglected the Study of Grammar. By Austin Brenan. 
z6th Edition, zs. 

49. Derivative Spelling-Book: Giving the Origin of Every Word 

from the Greek, Latin, Saxon, German, Teutonic, Dutch, French, Si>anish, 
and other Languages ; with their present Acceptation and Pronunciation. 
By J. RowBOTHAM, F.R.A.S. Improved Edition, zs. 6d. 

51. The Art of Extempore Speaking : Hints for the Pulpit, the 

Senate, and the Bar. By M. Bautain, Vicar-General and Professor at the 
Sorbonne. Translated from the French. Fifth Edition, carefully corrected, 
as. 6d. 

52. Mining and Quarrying, with the Sciences connected there- 

with. First Book of, for Schools. By J. H. Collins, F.G.S., Lecturer to 
the Miners' Association of Comwall and Devon, is. 6d. 

53. Places and Facts in Political and Physical Geography, 

for Candidate* in Public and Private Examinations. By the Rev. Edgar 
Rand, B.A. zs. 

54. Analytical Chemistry, Qualitative and Quantitative, a Course 

of. To which is prefixed, a Briet Treatise upon Mo^m Chemical Nomencla-> 
ture and Notation. By Wm. W. Pink, Practical Chemist, &c., and Georob 
E. Webster, Lecturer on Metallurgy and the Applied Sciences, Notting* 
ham. 2s« 

THE SCHOOL MANAGERS' SERIES OF READING 

BOOKS, 

Adapted to the Requirements of the New Code. Edited by the Rev. A. R. Grant, 
Rector of Hitcham, and Honorary Canon of Ely ; formerly H.M. Inspector 
of Schools. 

t. d, s. d» 

Introductory PRiicftR . o 3 Third Standard . . • . z o 
First Standard . .06 Fourth „ ....18 
Second „ . . o zo Fifth „ ....16 

*^* A Sixth Standavd in Preparation, 

Lessons from the Bible. Part I. Old Testament, zs. 

Lessons from the Bible. Part II. New Testament, to which is added 

The Geography of the Bible, for very young Children. By Rev. C. 

Thornton Forster. zs. 2d. %* Or the Two Farts in One Volume. 2s. 



FRENCH. 

SA. French Grammar. With Complete and Concise Rules on the 

Genders of French Nouns. By G. L. Strauss, Ph.D. zs. 

gc. French-English Dictionary. Comprismg a large number of 

New Terms used in Engineering, Mining, on Ravlwa.>i*» %i.c. "^-^ fewV^KKa 
Elwbs. 1%, 6d, 



J, STATIONERS' HALL COXJUT, U31>OKt^ "fiW^-^ ^-^^ 



PIPP WEALES EDUCATIONAL AKD CLASSICAL SEIttH 

French, caiitinutd. 

i6. English-French Dictionary. EyALnsED Elwes. _. 
IS,i6. French Dictionary (as above). Cnnipleie, in One Vol., js. 

I 47. French and English Ptirasa Book: Containini; InBo- 

Vodabulatinof'Woriis.aCoJlectioiioIiiiiliblBl'liriLiM. ' " 
Dialueuu. II. 

GERMAN. ^ 

39. German Grammar. Adapled for English Stodenb, flwn 1 

Heyia'i TUroirticil and Praclicil G.jmiliar, hy Dt. G. L, SimilM. u. 

40. German Reader: ASeri.esofEi(tracti,careruIlycai!edfroinlti! 

mos! appioved AutUon of Germany; wilh Notu, PhilolociciJ ud Ei- 
pliEalorj. l\j G. L. SimLTM, Ph.D. 11. 

41. German Triglot Dictionary. By Nichola5 Estebhait, 

S. A. H.«iUTON. Fartl. EnBli=l>-deraaa-t,™ch, h, 

42. German Triglot Dictionary. Putt 11, German-Ftencli' 

EnBli^b. 11. 

43. German Triglot Dictionary. Put III. Frencfa-Gwnwi- 

Bnelbh. H. 

41-43. German Triglot Dictionary (is aboTc), in One VoL, js.; 
dgtb boards, 49. ',' Or with (he GusuAN GxtHHAB, cloth boardi, ji. 



ITALIAN. 
87. Italian Grammar, arranged in Twenty Lessons, with s ZaeK 



Vol. 1. Iui;an-Ki>e1i5h-Fi<acb. 21. 
30. Italian Triglot Dictionary. By A, Elwrs. 

tngiiih-FrEDch.lUjian. M. 

32. Italian Triglot Dictionary. By Alfred Elwes 



SPANISH. 

34. Spanish Granamar, in a Simple and Practical Foniu Willi 

35. Spanish-English and English-Spanish Dictionary, 

Includinea1aiBBiiuiii1.er<>!T9<:hi]ii:ilT<^mi3iiMdmMiiiinE,Eaeiiie<>Ht«,h., 
wilh Ihe pioperAccmts and the Gender of eveiy Noun, tiy Al«io Eiwb, 
49. J cloth boudi, j9. *,* Or witk the GiuinUK, cloth boudi, 6i. 

HEBREW. 

46*. Hebrew Grammar. By Dr. Bresslau. is. 
44. Hebre'w and English Dictionary, Biblical and Rablrinic>ll 

coDlaiDmK Iha Hebron and Chaldee Rood of the OJd Teilsinnil tlft- 

Rahbiuicil Writings. By Dt. BuEisulI:. 6i. V Or with the Grahii**, p. ■ 

46. English and Hebrew Dictionary. By Dr. Bkessiac. J* 

^,46. Hebrew Diclionatv 1,33 a>iOTe1,\n.TtiaVol>!., complete, wit* 

■'^ -'■ iheGRAWHAR. diUhboiriB, lis. 



WEALE'S EBUCATIONAL ANp CLASSICAL SERIES. 1/; 

LATIN. 
Latin Grammar. Containing the Inflections and Elementary 

Principles of Translation and Construction. By the Rev. Thomas Goodwin, 
M.A., Head Master of the Greenwich Proprietary School, xs. 

Latin-English Dictionary. Compiled from the best Autho- 
rities. By^the Rev. Thomas Goodwin, M.A. 2s. 

English-Latin Dictionary; together with an Appendix of 

French and Italian Words which have their origin from the Latin. By the 
Rev. Thomas Goodwin, M.A. is. 6d. 

Latin Dictionary (as above). Complete in One Vol., 3s. 6d. ; 

cloth boards, 4s. 6d. \* Or with the Grammar, cloth boards, 5s. 6d. 

ATIN CLASSICS. With Explanatory Notes in English. 

Latin Delectus. Containing Extracts from Classical Authors, 
with Genealogical Vocabularies and Explanatory Notes, by Hbnry Youno, 
lately Second Maister of the Royal Grammar School, Guildford, xs. 

Csesaris Commentarii de Bello Gallico. Notes, and a Geographical 

Register for the Use of Schools, by H. Young. 2s. 
Ciceronis Oratio pro Sexto Roscio Amerino. Edited, with an 

Introduction, Analysis, and Notes Explanatory and Critical, by the Rev. 

Jambs Davibs, M.A. is. 

Ciceronis Cato Major, Laelius, Brutus, sive de Senectute, de Ami- 
citia, de Claris Oratoribus Dialogi. With Notes by W. Brownrigo Smith, 
M.A., F.R.G.S. as 

Cornelius Nepos. With Notes. Intended for the Use of 
Schools. By H. Young, is. 

Horace; Odes, Bpode, and Carmen Saeculare. Notes by H, 
Young, xs. 6d. 

Horace ; Satires, Epistles, and Ars Poetica. Notes by W. Brown- 

rigg Smith, M.A., F.R.G.S. is. 6d. 
Juvenalis Satirse. With Prolegomena and Notes by T. H. S. 

ESCOTT, B.A., Lecturer on Logic at Kmg's College, London, is. 6d. 

Livy ; History of Rome. Notes by H. Young and W. B. Smith, 

JAJl. Part I. Books i., ii., xs. 6d. 

■■ Part a. Books iii., iv., v., is. 6d. 
Part 3. Books xxi. xxii., is. 6d. 

Sallustil Crispi Catalina et Bellum Jugurthinum. Notes Critical 

and Explanatory, by W. M. Donnb, B.A., Trinity College, Cambridge. 

Z9. 6d. 
Terentii Adelphi Hecyra, Phormio. Edited, with Notes, Critical 

and Explanatory, by the Rev. James Davies, M.A. 2s. 
Terentii Andria et Heautontimorumenos. With Notes, Critical 

an4 Explanatory, by the Rev. James Davibs, M.A. is. 6d. 

Terentii Eunuchus, Comoedia. Edited, with Notes, by the Rev. 
Jambs Davibs, M.A. is. 6d. Or the Adelphi, Andria, and Eunuchus, 
3 vols, in I, cloth boards, 6s. 

Virgilii Maronis Bucolica et Georgica. With Notes on the Buco- 
lics by W. RusHTON, M.A., and on the Georgics by H. Young, is. 6d. 

Virgilii Maronis uEneis. Notes, Critical and Explanatory, by H. 

Young. «s. 

Latin Verse Selections, from Catullus, TibuUus, Propertius, 
and Ovid. Notes by W^ B. Donnb, M.A., Trinity College, Cambridge, s. 

Latin Prose Selections, from Varro, ColutaeUac, V\\xKiN>»s.^ 

Seneca, Quintihan, Florus, Velleius PateTcu\\is, "VaXwrvu^'^-acKccax^ 't^vkax^- 
aius, Apvdeius, &c. Notes by W. B. Donnk, "M-.K. a*. 

r, stationers' hall court, ludgat^ 'ft\\-v> ^-^ 
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WEALBS EOUCATIOMAL AMD CLASSICAL SE 

GREEK. 

ccordance with the Princi; 



HlHIlTon. Vol. I. Grwli-Eogliili, z>. : Vol. i, Englidi-C 

Two Voli. in Om, 41. : clolh ba^rds, 51. 

'14,15. Greek Lexicon {as above). Complele, irith Ihe 

t;. One Vol., clolta bDuds, U. 

GREEK CLASSICS. With Eirplanatory Notes i 

I. Greek Delectus, Containing Extracts from Cla: 

Willi Gnnealoeical VdCibuliiri™ mil Explaoaloty Ngt " 

Edition, vitli an improved and CDlarged Supp1«nentar 

HuTCHisM.ilJL,of theHiehScliool.GlMBO''. "■ 

30. .^schylus : PromEtheos Vtnctua ; The Prometheu! 

lbs Te» of DiMiOKT. Edited, with Engliih Notes, Critical 
by the Rev. Jahs Davies. U.A. 19. 

31. ..Gschylus: Scptcm Contra Thebes : The Seven _ 

From the Ten of Dmooir. Edited, with Eogliih Notea, ( 
planaloiy, bf the Rev. Jaubs Daviss, M A. is. ^ 

40. Aristophanes : Acbamians. Chiefly from 

WstsB. With Notes, br C. S. T. Townskind, M,A. 
^m 16. Euripides : Alceslis. Chiefly from Ihe Text of Di 
^L Nalei, Criiical and Ei^aaatorr. b; Johk Milhib. B.A. i 

^V 33. Euripides : Hecuba and Ipledea. Chiefly from the 
^H DOBF. Willi tiotct. Critical and Eiplanatory, by W. Ba 

^K M.A., F.K.G.S. II. ed. 

^Ki-17. Herodotus, The History of, chiefly ailer the Text 
^■E With Prtliminiry Obserrationj and Appendices, and Not 

^H E.pIaiutory,bTT. H. L. Liaky, M.A., D.C.L. 

^H Part I. Books i., ii. (The Clio and Euterpe), Is. 6d. 

^^P Parti. Boakilil.,iT.mieTl>aliaandUelpomeDe|.i9 

^^H Part I. B00I11 T.-vli. (Tfae Teipsichon, Ento. aad Po' 

B Part 4. BooVi riii., iv. (Tbe UHniaand CalLiope) and 

^ S-ia. Homer, The Works of. Accotding to the Teil of 

With Notei, Critical and Eaplanatory. drawn (com tfae 

LiARy"M'krD.CX. '""""' ervalionj an ppcn a 

Thi Iuad: PartL Books i.tovl.. H.6d. I Partj. Books liii. 

Parti, Boolisiii.toili.,is.6d. | Paii^. Bookiiix. 

Thi OdVSSIV; Parti. Books I. to vi., 11. Gd. I Part j. BoDkluH. 

Parti. liaokivii.toiU.,is.ed. Fart 4. Booka liz 

I Hjinni, as. 

4. Ltician's Select Dlalogties. The Text careTall] 

.. Grammal^cal nnd EaplanatorrNoles, by H. YOONG. M. 

13. Plato's Dialogues! The Apology of Socrates, t! 

IhoPhado, FronHboTeilotC.F. HaaMAiiN. Edited with 

and Eiplanntory, by Ihe Rev. Jahbs Davi is, M.A. is. 

18. Sophocles 1 (Edipus Tyrannus. Notes by H. Yort 

ao. Sophocles ! Antigone. From the Text of D^H 

41. Thucydides; History of the Peloponnesian W^B 
a, 3. Xenophon'S Anabasis ; ot, The Retreat °^jH 

42. Xenophon.^^Pai^^K^:j^^c o^^Ksfc^i.-«.Ma. M 



London, Navmiba; 187;. 

% (Kafalogue rf §ooKs 
NEW & STANDARD WORKS 

ENGINEERING, ARCHITECTURE, 

AGRICULTURE, MATHEMATICS, MECHANICS, 

SCIENCE, &c. &c 



LOGK^VOOD & CO., 

STATIONERS'-HALL COURT, LUDGATE HILL, 



E.C. J 



ENGINEERING, SURVEYING, &&• 

ffiimder's New Work on Water-Supply. 

A COMPREHENSIVE TREATISE on the WATER-SUPPLY 
of CITIES and TOWNS. By William HuMnia, Assoc. Inst 
ClE., and M. Inst. M.E. Author of "Cast and Wrought Iron 
Bridge Construction," &c. &c This work, it is expected, wiH con- 
tain about 50 Doubie Plates, and upwards of 300 pages of Text 
Imp. 4to, half bound in morocco. {In Ihcprai. 

*,* In accumulating informatianfor this volutin, Iht Auihar hai 
tten very liitrally assisted fy several professional friends, viho have 
made this department 0/ engineering their special sUafy. lie htis thus 
iten in a position to prepare a iaork ■which, within the limits of a 
stngie veluTne, mill sapfly the reader with the laosl compldi and 
r^i^e in/ormalion upon all suhjecis, theoretical and practical, con- 
nected with water supply. Through the kindness of Messrs. Ander- 
sen, Satetnan, Hawksley, Homersham, Baldwin Latham, Laiesan, 
Milne, Quick, Savilinson, Simpson, and others, several viiirks, con- 
ilrucled and in course of construction, from the designs of these gentle- 
men, -ai'dl be fully Uiuslraied and described. 



Ektsrical Sketch of Ihi mesuu (but have been propsied and adopUiI Tor th; Supply 

ffjUer. — Water and the Forogn Matter usually as^Dcraied wiui it,— RaiafaUand 

ipoialion.— Springs and Subietiancati Lake&— flydr^ia.— The SelectJon of 

_.j> for Water Woriti—WelK—RocTvgirt—fmialion and f[licr Beds.— RMcr«ir 

and Filler Bed Appendages.— Pumm aiul Appendages. —Pumping Madimerv.— 

Silwrti and Cqndults, Aquedura, SiTihons, &c.— Datribuiion of Water.— Water' 

' ■ n and genual House tlttineB.— Cost of Wotki for the Supply of Watar.— Con- 

and IctermitUnt Supply, —SuggesdoDS for preparing Plans, &0. &C., loEelba' 

a Deacripcion of ihe aumeroui Works illustnled, viz ;— Aberdeen. Bideford, 

ErmDuth, Dublin, Glngow. Loch Katrine, LwerpiNil. Maiidiesier, Rotherbam, 

Bl^nd, and several others ; with cogac] dI the Cwcnc^ Dn,-«W|> vb.\ 'S.v'^&r 



^^' TVOBKS PUBLISHED BY LOCKWOOD & CO. ^^ 

Humberts Modem Engineering. First Series, 



HUMBER, Assi . , . , 

Flairs, diawn to a large scale, and Fhotograpliic 
HawkshBw, C.E., F.R.S., &c. Price 3/. jj. luOf morocco. 
List b/ the Flales. 

TiclonjSKtlDoandRoof— L.H.&S,C.Kail. i to «' Mr. K. jMwoh Hood. Ct 

Swlhiun Pier $ and lo Mr. James BninleH, C.K. 

VKIori» Sution and Roof— L. C. SD. &G. W. 

Ralinn uteijA Mr. John FcirlFr. CE. 

RosrDTCieiiionMMiuicHaB 16 Mr. WiUiun UnmbB. C.& 

Bridge over G, N. Railway 17 Mr. Joieph CuhttL GE. 

RwrofSuttioD— Dutch RhsiKdiRiilwiy .. iBuidis Mt. Sincbs^ C.C. 

— '—"-■-''— " "- "- WmLam BaVir, Ct 



Mi. JamK Qi^BiBi, CE, 
, Mr.*. "- " • -- 



Suflpcnhm Brii^, Tfaane. ^_... ...... _..,-, .. ...„ ... ^, , _ 

TbtAlfenEnjiw 30 Mr. G. T. PorKr, MB. 

Suspcmion findec, Avon 31 to ^7 Mr, Jotui Hawkdav, CE. 

ud W. H. BaHow, CE. 

nudergroundHailirtiy ., 341036 Mt. John Fowler, CS. 

With copious Descriptive Letterpress, Specificadons, &c. 

[ncly lidlOfTa^vd ao 



HuTftbe^s Moikm Engineering. Second Series. 

A RECORD of the PROGRESS of MODERN ENGINEER- 
ING, jS64j with Photographic Portrait of Robert Stephensli^ 
CE., M.P., F.R.S., Slc Prices/. 3*- lialf morocco. 
Lilt of the Plates. 

Biitodiad Dockj, Low WutET Biiin i la 15 Mi. G. F. LysRr, CS. 

CIuiriDr Crou Suiion RooF-C C Rsilwi.)'. 16 10 it Ht. U>»lcil»w, C.E. 

IKeswa ViaduM— Great Northern Eaaway. lo Mr. J, Cutitl,C.K. 

Rotb.iy Wow) Viadad— GrMt M. BiBlwsy. » Kt. J. Cutiu, CE. 

Clydach Viaduct —McJiyr, Tnidigar, ud 

Aberiivf nny Raiway ai Mr. Gardner, CE. 

Ebbw Vkduel dillo ditto ditto >i Mr. (WnhiEr. CE. 

Collide Wood Viaduct— Cornwall Railway . . tj 



acrRaihc. : 



DabUnV 

BridiK o*er toe laama— l,. l^. b u. Kaitw. 97 ID 3a Ptr. J- ^.UHti, \,.|L. 

Albert Hulnur, CruDoek » to j6 Mean. Bell & MiUs. 

With copious Descriptive Letterpress, Specifitations, &c 



"A pvjvw^ of all the more inlercHiinE and rmpoTUni works lately inapIfitHiaOMt 
Britun % and mnlainini, u it ints, carefnUy eaecuH"' -* — ■■■ '-" '^^ 



'Mr. HumlKrha^dDte'i'e wo^eMcm cu>& ao^ ume service, hy the fine coQecli* 
'lample? he has lienitloUEVtelwt ttLt v™''™"» alA &• viWj."— /■—- ■^-- 



WORKS PUBLISHED BV" LOCEWOOD ft CO. 3 

•fufftdei^s Modern Ertgineering. Third Series, 

^^ A RECORD of the PROGRESS of MODERN ENGINEER- 
ING, 1S65. Imp. 4(0, with 40 Double Plates, dtawn to a large 
scale, and Photographic Portrait ofj. K. M'Clean, Esq., bUe Pie- 
^ent of the InsUtution of Civil Engineers. Price j/. 3^. half 



List ofPtaia and Diagrams. 

MAIN DRAINAGE, METROPOLIS, 
oil lod Oalldt. 



ihawiiiE tnleiccplian or 
M - Level Scwet. S(»« 

seal's C^DoL. 

Qdille LeviJ Sewci. Jundio 

11 SenTBT. Bridge over 

Elsvaliiiii. 

nihil Siwer. Biidge aiai 



isss 



. Bridgt g» 
Iwich tUilwo 



crManhLanc 



S»u. Brx%e ova Bow aod 
[ng Rjulwiy. Elevstina, 

Sewer. Bridgo over Bgw apd 

BukisE KoUiniy. DeOib. 
hUlkll Sewec. Bridge aver Bow and 
" rking Rjilmy, Delails, 

lU Sewer. Bridge over Eail LoDdoD 
jjiVataiwicki' Fmidec. ElevatiDn. 
^ip S«w«r._ ^Bridge over E^t London 






Plim. 



KfiU Smtb. KAarvnr. Stction. 
W&USeirer. TumhliiigBiyatiii Outlet. 
" " " lewer. Pi-Mfnrtt. 



DIM Sewei 
Utfill Sewel 
otfall Sewc 



OulIkU Sewer. 

Oulfall Sewer. 
SecUDDS DfSe 
Sido). 



SKam-bgU Pier, WttuiiiDUr. DnWfc. 

LandiiiE Suifs between CluiiB( Cvaft 

Y™k GiM.°^ Front "fi^Son. 

Votk Gite. Side Elevalion and Delull. 

OveidQwind Outlet at S.»<;y Street Sewer. 

UverflowandOutleliitSavarStreel Sewer. 

Overflow iuidOutlelatS»voyS«ro«*Sewer, 

PcDslock. 
StHun-tMlPier, Waterloo Bridge. Elevi- 

Steam-bou Pis, Vi^ierloD Bridfft He- 

Steam-bo^Lt Pier, Watetlixi Bridge. I>e- 

I uDccioD oT Seweis, Plov and Sections. 
Guillen Flaiii and SixtiutLb 
RoUIng Sioct 



With c<^oiu Deuiiiptive LetterpreEs, Spea&cations, &c. 



Opinums ef tke Pms. 

Ur. Hmnbei's works— especiallj hii annual 'Record,'! 

uien an tjow familiar — £11 a void occupied by no other tii 

« dnwioKB bave s, coutantly Increasing value, and whop 

esentatinns of the two great works carried out by our 

in Mr. Humbei's last volume."— ijn/MMnnf. 

*' Nq engines-, architect, or contractor should fail 10 pme 

|idk for magnttude, have not their parallfil in the presei 

vfessiaa but should carefully «idy th- ' — =■--■• -t. 






—Michanu 



'"A mjii higi/y creditiNe to ihe industry ot 
tacfd^caia for Che uudy of the atudeii 
E^^^ arnanga on ia Kale of treatMt 



■wlio Aju^cu la masio ■« 



4 WORKS PUBLISHED BY LOCKWOOD & CO. 

Humbet^s Modem Engineering. Fourth Series, 

A RECORD of the PROGRESS of MODERN ENGINEER- 
ING, 1866. Imp. 4(0, with 36 Double Piales, drawn to a large 
scale, and Pholographic Portrait of John Fowler, Esq., Presiden; 
ol the Institution of Civil Engineers. Price 3/. Jr. half-m 

LUI of lie Plaits and DiagrBms. 

l^aef MiUs Fumpisg Sudan, Main Drainage, 

Metropc^ i lo 4 Mr. Bialnite. C 

BmowDoekt S to 9 M««rj.M'a™.a. , 

Minqiiii Viaduct, SutiiiED ud Vilpmiia IC.E. 

RMhray JO, .1 Mr. W. Layd, CE. 

Aduu'Locamadve.St.lIelen'tCuulA^w, ii, tj Mr. H. Crou, C.E. 
Cunon Street Siuiiin RddT, OarinK Cnu 

lUihniT 14 to 16 Mi. T. Biwbiliiw, CK. 

RmdBiidM over the River Moki 17, iB Mr. H. Wikefidt^CK. 

Telegiapbic Apparaiui for Mesopouaui 10 Mr. Sionens, CE. 

Viaduct over the River Wye, Midland RjiUw. 30 to n Mr. W. H. F«flow, CK. 

Si. Gcnnins Viadui:!, ComwiU Bailway >3. I* Mr. Bnmel, CE. 

Wtoudil-IronCvliDder for Diving BeU ij Mr. J. Coode, CE. 

MfflwnUDocka rf to 3" Mean. J. Fo.rfe.,C.E..»B. 

William «rasoD,CK. 

Milror'B P>leDt Eiiavalor 31 Mr.Maroy.CE. 

Mnropoliuu Diiirict Railway 33 to iS Mr. J. Fowler, Snrineer-in 

Cfief, aiid_Mr. T, M. 

Hartiours, Porli, and GreakwiuerE Atoc 

TTie Letifrpress comprises — 
A concluding article oti Harljours, Ports, and Breakwaters, with 
lUusCralions and detailed descriptions of the Breakwater st Cher- 
bourg, and other important modem works ; an article on the 
Telegraph Lines of Mesopotamia ; a Ml description of the Wrought- 
iron Diving Cylinder for Ceylon, the circumstances under whitJ it 
was used, and the means of working it ; fiill descripl:ion of tlie 
Millwall Docks ; &c., &c., SiC 

Opinions of the Press. 



c form of full docriptiana 
iMEOt^e' Record' a a 



caiiaot fail to prove a. mogt importimt additiim 

" No one of Mr. Humtei's idlutnE -»ja ,_ 

mass of plal« from wcB-tMcmid Anwoi^ "W^ *«^i ™Ba^^ \ijW«bbi. 
*erhap^rtis laa volume U »h« mmt'nlNBift' ■i»'i^''»*^'»«-*»^^ 
"real MtcAoHics' yintmal. 



number's Great Work en Bridge ConslntcHon. 

A COMPLETE and PRACTICAL TREATISE on CAST uid 
"WROUGHT-IRON BRIDGE CONSTRUCTION, includmg 
Iron Foundations. In Three Parts— Theoretical, Practical, and 
Descriptive. By William Huwher, Assoc Inst. C.E., and M. Inst, 
M.E. 7*hird Edition, Tevisedand mach improved, with 115 Double 
Plates (20 of which now lirst appear in this edition), and,numerous 
additions to the Text. In 3 vols. imp. 410., price 6/. 161. 6d. half 

"Avery vjUuable conlnbuuon I0 the studard Utcratutc of dvi] enf^acDrinr. In 

!Bii«lybe without so valuable ariindorbfcuTiaaon.'—Cn»(Si«™r«-oiu(^»ioW(«<'j 

" Hr. Hiimber'i stately volumes lately issued— in wkich the most important brid^ 

Cubitt, Mr. Ha»kiha», Mrl'tQcfM" Fo»lcr, M™ Hemlns, Lid others amooBOUt 

Weale's Engineers' Pocket-Book. 

THE ENGINEERS', ARCHITECTS', and CONTRACTORS' 
POCKET-BOOK (LocKWOOD & Co.'s; formerly Weale'S), 
Published Annually. !□ roan tuck, gilt edgqs, with lO Coppei- 
Plates and numerous Woodcuts. Price 6j, 
" A vaU amount of really v.uusble mallei condeiued into the soudl dlmen- 

Boni of a book which ia, in naliiy, what ii ptofase! 10 be— a i»cket-bonk 

We cordially tccDQinEnd the bank to the notice of the managers oX coal and «ber 
minej; Wlhem itwDI prove a handy booli of reference OB a variety of iayecU more 

" Kvcry bnoch of enginceriBg is treated of, and facn, tigures, aid data nf every 
Idml abound." — Mtshattki' Mmg. 

"It contains a taiEC amount of Lnfonnalion peculiariy valuable ID Ihose for whoie 
'uaeit is compiled. We cttrdLally commciid it (D [ha engineering and architectural 

Iron Bridges, Girders, Roofs, &c. 

A TREATISE on the APPLICATION of IRON to the CON- 
STRUCTION of BRIDGES, GIRDERS, ROOFS, and OTHER 
WORKS ; showing the Principles upon which such Structures are 
Designed, and their Practical Application. Especially arranged for 
the use of Students and Practical Mechanics, all Mathematical For- 
mulie and Symbols being escEuded. By Frahcis CAMFIN, C.E. 
With numerous Diagrams, limo., cloth boards, jr. 
" For numbers of voung CDgincers thE book U juU the cheap, handy, first guide 

arcugk IVrrity Nemi. 

e who have not been educated Id mathemalid."— CA^'eny 

Remarkably aecurate aad well writteiL" — ArHaam. 

Iron and Steel. 

•IRON AND STEEL' T a Work for the Forge, Foundry, 
Factory, and Office. Containing Ready, Useful, and Trustworthy 
Information for Ironmasters and their Slocfctakers ; Managers of 
Bar, Rail, Plate, and Sheet Rolling Mills ; Iron and Metal 
Founders ; Iron Ship and Bridge Builders 1 Mechanical, Mining, 
and Consttltiog Engineers ; A.rc\i\t.e«5, ConVtiajsii, ■^•!HA.«7», -iJ^ 
Proftssional Draughtsmen. By CwK^V^s W.<Jk».^ K-aiSsf" 
'The Slide Rule,' itc. ObloTSg, i8mo, t,s. dt)*i. 



'Invaluable tc 



Barlow on the Strength of Materials, enlarged. 

A TREATISE ON THE STRENGTH OF MATERIALS, 
I with Rules for application in Architecture, the Coiutnctioc of 

SospenEJon Bridges, Railways, &c ; antl an Appeni^ on the 
Power of Locomotive Engines, and the e^l of Inclined Planes 
and Gradients. By Peter Baklow, F.R,S. A New E^tion, 
revised by his Sons, P. W. Barlow, F.R.S., and W. H. Barlow, 
F.R.S., to which Hie added Experiments by Hodskinsok, Fair- 
bairn, and KiRKALDV ; an Essay (with IllustralionE) on the eflect 
produced by passing We«;hts over Elastic Bars, by the Rev. 
Robert Willis, M.A., F.R,S. And FonnulK for Calculating 
Girders, &C. The wliole ajranged and edited W W- Hi;uBefi, 
Assoc Inst. C.E., Author of "A Complete and Practical TreatiM 
on Cast and Wrougbt-Iron Bridge Conatniction," &c. &c Demy 
Svo, 400 pp., with ig large Plates, and numerous woodcuts, pcice 
l&r. cloth. 
7™™^ """^ ywoyo c OM comnjHi ion. tmt 

"The bat book on tnc subject wmcli 1u< wt appeared. .... Wa know of 
no work Ihal so complEtdy fuUk its nussaa.^Ei^liik Micianic. 
"Ute standard bcatuenpoD this parlicuUr subject." — Sngmnr. 

Strains, Formnlte & Diagrams for Calculation of. 

A HANDY BOOK for the CALCULATION of STRAINS 
in GIRDERS and SIMILAR STRUCTURES, and thdr 
STRENGTH ; consisting of Formula: and Corresponding Diograms, 
with numerous Details for Practical Application, &c. By William 
HuuBKB, Assoc IiisL C.E., &c Fcap. Svo, wUk neatly 100 
Woodcuts and 3 Plates, price "js. 6d. cloth. 

" The arrai^emeJit of die muter in this little volume u ai CDnveaient 4E it "WcU 
could bfl. . . . . The ay^cm of entpliiyiEiir didemu^ as a subitirute Far ca^/i^ 
computatjoiu i!t one JLiAlEy coming into great ikvour, and in that respect Mr. HumGor^ 
valtiine a fully up to the times." — Emnerrptg. 
■*Tbe rotmuls axE neatly ekpres&cd. juul thd djamms good." — AlAttunaK- 
'*We heartily flommend thu TeaJy hartdy bo^ ta our engineer and ardutael 
iTa6at.''—EiifliA Attcianic. 

Mechanical Engineering. 

A PRACTICAL TREATISE ON MECHANICAL ENGI- 
NEERING; comprising Meta.lluigy, Moulding, Casting, Forging, 
Tools, Workshop Machinery, Medianical Manipulation, Manufec. 
ture of the Steam Engine, &c. &c With an Appendix on the 
Analysis of Iron and Iron Ore, Eind Glossary of Tenni By FRANCIS 
Campih, C.K Iltestrated with 91 Woodcuts and a8 Plates of 
Slotting, Shaphig, Drilling, Punching, Shearing, and Riveting 
Machines — Blast, Refining, and Revetberatory Furnaces — Steant 
Engines, Govtmors, Boilers, Locomotives, &c. 8to, dotii, iw. 

Steam Engine. 

STEAM AND TUE STEAM ENGINE, Stationary and Port- 
able, an Elementary Treatise on. Being an Extension of Mr. 
^ohn Sewell's Treatise dtv S^nva. By D. Kinneae Clark, 



Locomotives,' &c,&c VJifcy\i™e<»s\&iSOT».™ 
boards, 4J. 
Cvery essential put oC the si 



^^^TOJ 



BIKS PUBLISHED BV L0( 



\irains, 

THE STRAINS ON STRUCTURES OF IRONWORK; 
with Practical Remarks on Iron Conslntetion. By F. W. SheM-Ds, 
M. InsUC.E. SecondEdition. with 5 plates. Royal Svo, 5^. doth, 

lul dbranca becwccnnppoiu ; Bcoma unLTDnnly Loaded ; Girders with Uiab^Li- 
rtoD^LmdeducaiirD; Dicto, Lovkd^L unequal discancu bctwcea supports ; 
U tuufomily Loadad ; Calculaiion of the Slraiiu dd Girders with CnaDguUf 
igi ; Cuiiileven ; Continuous Oirdm : Latlico Glrden ; Girdcn iridi Vcrtkal 
B md Diagonal Tiei ; Calculanan of Ihe Strains on Ditto ; Bow and SCrinf 
m ; Girdars of a fbnn not bsloDEing 10 aap rofular Geure ; Plate 1^'irilf^rt - Aa- 
mmonis of Material to Strain ; Cootporison of different Gitdets ; 
Aid Depth of Gkdcrs: CharuEer of tbe Work ; InnRmli. 

'instruction of Iron Beams, Pillars, &c. 

IRON AND HEAT, Exhihiting the Principles concerned in the 
Construction of Iron Beams, Pillars, and Bridge Girder^ and the 
Action of Heat in the Smelting Furnace. By Tames Armour, 
C.E. Woodcats, i2mo, doth boEuds, y, 6d, ; doth limp, is. 6d. 
-L vtty uaefal aAd diorobgbly practical Httlc volnizie, in noy r/aj deserving of 
iMlaUon amonmt wnrkinB mai."—JltmiHg ysunal. 

*4m/er in Motion. 

POWER IN MOTION : Hone Power, Motion, Toothed Wheel 
Gearing;, Long and Short Driving Bands, Angular Forces, &c. 
B)- James Armour, C.E. With 73 Dtagraras. izmo, dofh 
boanJs, 3i. 6d. \Recoiily publishtd. 



\X 



ipSed cannol v«ll'b^"oya oBiraaliil "— A™™rt& UTaMf O^ictt. 






of Iron. 

A TREATISE ON THE METALLURGY OF IRON : con- 
taioing Ontliaes of the History of Iron Manufacture, Method* of 
Aswy, and Analyses of Iron Ores, Processes of Manufacture of 
lion and Steel, &c By H Baukrman, F.G.S., Associate of the 
Royal School of Mines. With numerous Ulnstmlions. FourU 
Edition, revised and much eidarged. I2mo., doth boards, gJ. 6d. 
[>j/ puUisked. 



'■Ciretnlly wi 






rtgonometrical Surveying: 

AN OUTLINE OF THE METHOD OF CONDUCTING A 
TRIGONOMETRICAL SURVEY, for the FonnWion of Geo- 
graphical and Topographical Maps and Plans, Military Recon- 
naissance, LeveUing, &ti, with the most useful Problems in Geodesy 
and Practical Astronomy, and Formulas and Tables for Facilitatine 
their Calculation. By Libut-G-ENRRAL Frome, R.E., late In- 
spector- General of Fortifications, &e. Fourth Ei^tioa, Enlarged, 
thoroughly Revised, and partly Re-written. By CAPTAtN Charlm 
Warren. R.E., F.G.S. With 19 Pktes »wl vvt, 'HwAssto.. 
loyalSvo, price 161. olsth. 



W- 



WORKS PUBLISHED BY LOCKWl 



Hydraulics. 

HYDRAULIC TABLES, CO-EFFICIENTS, and FORMUI^ 

for finding Ihe Discharge ol Water fram Orifices, Notclies, Writs, 
Kpcs, and Rivers. With New Fonnulie, Tables, and General 
Imonnalion on Rain-tall, Catchinent- Basins, Drainage, Sewerage, 
Water Supply for Towns and Mill Power. By JOHN NEVILLE, 
Civil Eogincer, M.R.LA. Third Edition, cnrefuily revised, with 
consider^Ie Additions. Numerous lUusIrationa. Crown 8vo, 14^. 
cloth. [New ready. 

Drawing for Engineers, &c. 

THE WORKMAN'S MANUAL OF ENGINEERING 
DRAWING. By John Maxton, Instructor in Enpncering 
Drawing, South Kensington.. Second Edition, carefully revised 
With upwards of 300 Plates and Diagrams. l2mo, cloth, 
strongly bound, 4^. 6d. 

" Even accDin(^i±hed drauehtsmeo t/\l\ find in it much dia.t wiU be of lue to them. 

"Aa indispntubJe boolc for tncbcrs of engiDcerine drpwing." — MteAiink£ 

Levelling. 

A TREATISE on the PRINCIPLES and PRACTICE of 
LEVELLING; showing its Application to Purposes of Railway 
._,) r;..ii irnn!....«*n™ T., <i.. r.i.,L^«.^»i,^ gf Roads ; widi Mr. 



By Frederick W. Siums, 
F.G.S., M. Inst C.E. Sixth Edition, very carehilly revised, with 
the adidtion of Mr. Law's Practical Examples for Setting out 
Railway Curves, and Mr. Trautwine's Field Practice of t^yii^ 
out Circular Curves. With 7 Plates and niunerous Woodcuts. 8vo, 
&[. id. cloth. *,* TraittwinE on Curves, separate, price Ji. 

v^aiedy a qncatiDii DDni>dcted with lev^lmg for which a KJutioB vfjulii be SDOgbt Ljol 

thatvould besaliaffctorily ancwcTAi by cooaultJng tbe volume. " — Mining fswd, 

" The toxt-book on leveUing in nuat of our CD^eerine Acbools and cotl^Ca."— 

'Tbe pnbli^FTS haie rendered a subsbtatial Krvicc to the proresuoD, especiidly H 
(bo younger Diembeis, by brix^ine out the present edition of Mt. Sunms't Usdfill Vok' 
—Eitgimtrin^. 

Earthwork. 

EARTHWORK TABLES, showing the Contents in Cubic Yardi 
of Embanlrments, Cuttings, &c., of Heights or Depths np lo»" 
average of 80 feet. By Joseph Beoaddent, CXE., and Fbahcis 
Caupin, C.E. Cr. 8vo. oblong, 5/. cloth. 





which are added EXPERIMENTAL RESEARCHES o 
STRENGTH and OTHER PROPERTIES of CAST IRON. 
By Ihe Editor. The whole llluatrated with 9 Engravings and 
nuinetous Woodcuts. Sm, izi. cloth. 

*,' Hodgkinson's Experimental Researches on thb 
Strenothand Other Proper.ties of Cast Iron may be bad 
separately. With Engraviags and Woodcuts. 3vo, price 6s, cloth. 

"Ae High-Pressure Steam Engine. 

THE HIGH-PRESSURE STEAM ENGINE ; an Exposition 
of its Comparative Merits, and an Essay towards an Improved 
System of Construction, adapted especially to secuie Safety and 
Economy. By Dr. Ernst Alba.s, Practical Machine Maker, 
Plan, Mecklenberg. Translated from the German, with Notes, by 
Dr. Poij;, F.R.S., M. Inst. C.E., &c &c Witli 2S line Plates, 
8va, i&. 6^. doth. 

k wmk like ihis. which go=s Ihorouglili; into the examinitioB of the hlgh-preMnie 
w, ihe boiler, and its appendages, &c., is cictediogly useful, Md deserves a placo 
oiy sacniific library."— .S^jaw Sliiffing Cirmiiclr. 

'teatn Boilers. 

A TREATISE ON STEAM BOILERS : their Strength, Con- 
struction, and Economical Working. By Robert Wii^om, late 
Inspector for the Manchester Steam Users' Association for the 
Prevention of Steam Boiler Explosions, and for the Attainment of 
Economy in the Application of Steam. Third Edition. l2mo, 
cloth boards, 32S pages, price ds. 

"abhs of Curves. 

TABLES OF TANGENTIAL ANGLES and MULTIPLES 

for setting out Curves from 5 to 200 Radius. By Alexander 

Beazelev, M. Inst. C.E. Printed on 4S Cards, and sold in a 

cloth box, waistcoat- pocket size, price 3^. i>d. 

Each (able is pnnled on a small cord, which, beinf placed on the theodolite, leaves 

. hands free Id mnuifHilale die insCruineni — no ^unall advantage as regards the rapidity 

•utA. Tbey are clearly printed, and compciJy filled inio a small ease for the 

dut— an anangement that will reconiinend ihcm la all practical Kita,"—EiliiHitr. 

t* Very handy ; a man niny know Ihal all )iii day's work must fall en two of these 

—*-, which hepuu into his own card-case, and leaves the resibehin(J,"—/lrim«Mii. 

'.aying Out Curves. 

THE FIELD PRACTICE of LAYING OUT ClW::«\.fr-'3- 
CVRVES tax RAILROADS, 'fij iOK-a CT-sA.-a-v-svs^'C-^- 
(moanAed from Simms's Work oivL*«iiffin^. %ho, V- ■«»»- 
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Estimate and Price Bock. 

THE CIVIL ENGINEER'S AND CONTRACTOR'S ESTI- 
MATE AND PRICE BOOK for Home or Fordgn Service : 
in lefeience to Roads, Railways Tramways, Docks, HarbontS, 
Forts, FortificatioQS, Bridges, Aqncducts, TaiuielE, Seweis, Water- 
woiks, Gssworlcs, Stations, Barracks, Warehouses, &c. &C. &c. 
With SpedJicaCioni for Perroanent Waj, TetE^iapb MsKnals, 
Plant, Mainlerunce, and Working of a. Sailway ; and a Priced List 
of Machinery, Plant, TooU, &c. By W. D. HaSKOLL, CE. 
Plates aod Woodcuts. Published annuallj. Svo, doth, 6i. 
"Aa funkbJiitie 4 virlf ty of data cd evciy conceivnble wanT ra cml eagineenond 
covilmciBn, ifak dwA ha£ cwv iBood peduipt uimvflll«L"— vJrrftWrtL 

Surveying (Land and Marine), 

LAND AND MARINE SURVEYING, in Reference to the 
Preparation of Plans for Roads and Railways, Canals, Bireis, 
Tovms' Water Supplies, Docks and Harbours ; with Description 
and Use of Snrveying Instruments. By W, Davis Haskoll, C.E., 
Author of "The Engineer's Field Book," " Ejiamples of Bridge 
and Viaduct Construction," &c. Demy Svo, price \ii. bd. clol^ 
with 14 folding Plates, and numerous Woodcut. 

"A mast ukAiI and weU acrongcd backlc for [hs dd of a Kudent. . . . . Wc 
«aa stnmgEy teojmraaid it 91 4 catcTully-wnlteD and vaiiu^e text-boalE." — Butijtr. 

ED Duka any nuner an which be wHlcs, danr EQ the youD^esE pupil in a surveyor's 
office' — CtUim GunrdiaiL 

'^ATolume which CBDDDt fail (a prEJre cf Iht ubnoA pncdaiJ utility. .... It 
la one which tnay be uTely r^ommcndcd !□ all atudcdLs wha upiic to became deaa 

E«gin£ering Fieldwork. 

THE PRACTICE OF ENGINEERING FIELDWORK, 
applied to Land and Hydraulic, Hydrographic, and Submarine 
Surveying and Levelling. Second Edition, revised, with consdei- 
able adStions, and a Supplementary Volume on WATER- 
WORKS, SEWERS, SEWAGE, and IRRIGATION. By W. 
Davis Haskoi.i, C.E. Numerous foldine Plates. Demy Svo, 1 
vols, in one, cloth boards, \l. u. (published at si 4J.) 

Mining, Surveying and Valuing. 

THE MINERAL SURVEYOR AND VALUER'S COM- 
PLETE GUIDE, comprising a Treatise on Improved Mining 
Surveying, with new Traverse Tables; and Descriptions of Im- 
proved Instruments ; also an Ei^position of the Correct Prindpks 
of Lajine out and Valuing Home and Foreign Iron and Cool 
Mineral Praperties: to which is appended M. THOMAN'S (of 
the CrWit Mobilier, Paris) TREATISE on COMPOUND IN. 
TEREST and ANNUITIES, with LOGARITHMIC TABLES. 
By WiLl^AM LlNTERN, Mining and Civil Engineer. lamo, 
strongly bound in cloth boards, with four Plates of Diagram^ 
Plans, &c., price loi. ftd. 
"Cnitaim much vahiaHc iirfftnnalvo'^ i^'jemin a. ?fl&»J\ i:fflnipKKi, aud which, v ht 

" The (nalter, arranB^^=°^anQ iMuttrAtion.ifl^A'wwVMt^aiK^i^n^.^H^Tt^t 
It ona of the bail oF iU Und." — Slowlanl. 



WORKS PUBLISHED BY LOCKWOOD & CO. T^ 

Fire Engineering.- 

riRES, FIRE-ENGINES, AND FIRE BRIGADES. With 
• a History of Fire-Engines, their Ccmstmctiaii, Use, and Manage- 
mont ; Remarks on Fire-Proof Buildings, and the Preservation ot 
Life from Fire ; Stotistics of the Fire Appliances in EInglish 
Towns ; Foreign Fire Systems ; Hints on Fire Brigades, &c., &c 
By Charles F, T. Young, C.E. With numerous lUualiations, 
handsomely printed, 544 pp., d«my Sto, price \L 4J. cloth. 
"WAcaoTnofit heartily comri^uidtbisbook. .... Jt ISTcaUy the only Engliak 

Manual of Mining Tools. 

MINING TOOLS. For the use of Mine Managers, Agents, 
Mining Students, &c By Wh-liam Mobgans, Lecturer on Prac- 
tical Mining at the Bristol School of Mines. Volume of Text, 
lamo. Wim on Atlas of Plates, containing 235 Illustrattons. 4to, 
Together, price 91. cloth boards. [Recently finb&shti. 

Students in [he Science of Mining, and not only Ihey, but Mihordinate o Bl c Uh in 

s, and even Overmen, Caplains, ManascR. and Viewcra may gain prmilical 

knovkdco and usefoJ turns b; Iho study of Ur- MDi-gam's Manual" — C*lUfty 



Gas and Gasworks. 

A TREATISE on GASWORKS and the PRACTICE ot 
MANUFACTURING and DISTRIBUTING COAL GAS- 
By Samubl HtJGHES, C.E. Fourth Edition, revised by W. 
Richards, C.E. With 68 "Woodcuts, bound in cloth boards, 
l2nio, price 4J'. 

Waterworks for Cities and Towns. 

WATERWORKS for the SUPPLY of CITIES and TOWNS, 
with a Description of the Principal Geolcglcal Formations of 
Ijmlaod as influencing Supplies of Water. By Samuel Hitghbs, 
F.G.St Civil Engineer, 'Hew and enlai^d edition, ismo, cloth 
boards, with numerous Illustralions, price %s. 
"One of the mosc convenient, and at the same time rtliohle works on a subject, 
the vital importance ot which cannot be ovor-csdnaaled." — Brad/art£ O&xrTjer. 

Coal and Coal Mining. 

COAL AND COAL MINING : a Rudimentary Treatise on. By 
Warington W. Smvth, M.A., F.R.S., &c„ Chief Irspectat- 
of the Mines of the Crow-n and of the Duchy of ComwalL New 






, revised and corrected, lamo., cloth boards, with I 
ts Illustrations, price 41, 6d. 



of ttie two iirindpal melhodi of working, the book will doubtlea lalereM a vei 
lw« number of readen."— .4fi«i'fv 7«rw/. 

"Certainly eicperinjnital skill and rule-nf-thumb practise would be grindy e! 
ridbed by the addition of the ibcoretical knowledge and sdentific infoimation whic 
Hi, WariSEton Smyth communicaKis in comblnsdon witb Ibe results of hit own e 



13 WORKS PUBLISHED BY LOCKWOOD i CO. 

Field-Book for Eiigineers. 

THE ENGINEER'S, MINTING SURVEYOR'S, and CON- 
TRACTOR'S FIELD-BOOK. By W. Davis Haskoll, Ci«l 
Engineer. Third Edition, much eiilai^d, consistiiigf of a Series 
of Tables, with Rules, Explanations of Systems, and Use of Theo- 
dolite for Traverse Surveying mid Plotting the Work with minute 
accurocybymeansof Straight Edgeand Set Squareonly; Levelling 
with the Theodolite, Citsting out and Reducuig Levels lo Datum, 
and Plotling Sections in the ordinary manner ; Setting out Currcs 
with the Theodolite by Tangcntiai Angles and Multiples withRight 
and Left-hand Readings of the Instrument: Setting out Curtes 
-.1. . . .,-1 . . 1 . .-. _.?.■- _jgj^ jjf Tangjntial Angles by Sets of 
[Tthwork Tables to Sofeel deep, cal- 
depth. Witt namerOQS wood-cuts, 
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Earthwork^ Measurement and Calculation of. 

A MANUAL on EARTHWORK. By Alex. J. S. Graham, 
C.E,, Resident Engineer, Forest of Dean Central RaUway. With 
numerous Diagrams. iSmo, zj. dd. cloth. 

tenUyhrnidsbook for reference, we know of BO woik equal lo iti udlhe 

— : 1 —'■-rs employed in tlie meisurenierl and caJcutalkn nT orUi 

jjnt of piadicej irLfomuktinn very admirably amm^^al. and 






THE DESIGN and CONSTRUCTION of HARBOURS: A 
Treatise on Maritime Engineering, By Thomas Stevenson, 
F.R.S.E., F.G.S., M.I.C.E. Second Edition, containing manjr 
additional subjects, and otherwise generally extended and revised. 
With 20 Plates and numerous Cuts. Small 4to, 15/. cloth. 



Mathematical and Drawing Instruments. 

A TREATISE ON THE PRINCIPAL MATHEMATICAL 
AND DRAWING INSTRUMENTS employed by the Engineer, 
Aichitect, and Surveyor. By Fkboericic W. Sihms, M. Inst. 
C.E., Author of " Piacticnl Tunnelling," &c. Third Edition, with 
■s Cuts, iMiio, -ptite IS. tid. &«&. 
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Bridge Construction in Masonry, Timber, & Iron, 

EXAMPLES OF BRIDGE AND VIADUCT CONSTRUC- 
TION OF MASONRY, TIMBER, AND IRON ; consistme of 
46 Plates from the Contract Drawings or Admeasurement of select 
Works. By W. Davis Haskoll, C.E. Second Edition, with 
tbeaddition of 5S4 Estimates, and the Practice of Setting out Wodis, 
illusirated witK 6 pages of Diagrams. Imp. 4to, price z/. m. 6J, 
half-morocco. 
" One of the very few works eibinL descoiding to ibe levd of ordinajy rouBnft, mid 

^ the peKDt nflurc by a mui of Mr. HaakoU't experience, must prove Lovaluablo to 
buEidredL The tables of estimates appended to ibis editioD will oopuderabty eDhaiice 

Mathematical Instrum,en.ts, their Construction, &c. 

MATHEMATICAL INSTRUMENTS : theik CONSTRUC- 
TION, ADJUSTMENT, TESTING, AND USE; comprising 
Drawing, Measuring, Optical, Surveying, and Astronomical Initra- 
ments. By J. F. Heather, M.A., Author of "Practical Plane 
Geometry, "Descriptive Geometry," &c Enlarged Edition, for 
the most part entirely rewritten. With numerous Wood-cuts, 
lamo, clotn boards, price 5^. 

Oblique Arches. 

A PRACTICAL TREATISE ON THE CONSTRUCTION of 
OBLIQUE ARCHES. By JoHW Hart. Third Edition, with 
Plates. Imperial Svo, price Si. doth. 

Oblique Bridges. 

A PRACTICAL and THEORETICAL ESSAY on OBLIQUE 
BRIDGES, with 13 large folding Plates, By Geo. Watson 
Buck, M. Inst. C.E. Second Edition, corrected by W. H. 
Barlow, M. Inst. C.E. Imperial Svo, 12^. cloth. 
" Tbe sUmdard lext-booli tat lU engincert leBardinE sk"' anlies, Is Ur. Bnck'i 
treatise, and it wojid be impossible to consult a btiter."— fflfuurr. 

Pocket-Book for Marine Engineers. 

A POCKET BOOK FOR MARINE ENGINEERS. Con- 
toining useful Rules and Formulie in a compact form. By Frank 
Proctor, A.I.N.A. Second Edition, revised and enlarged. 
Royal 3zmo, leather, gilt edges, with strap, price 41. 
' We tedommend it to our teadtti as going far to supply a long-felt ^want."— 



Wealds Dictionary of Terms. 



Fourth Edhion, enlarged and revised by Robert f 

Keeper of Mining Records, Edilor of " Ure's Dictionary of Art^" 

&c lamo, cloth boards, price 6s. 



■^•^wuKis-a t-UBLISHED EV LOCKWOOD &. CO. 

Gra?Uhams Iron Ship-Building, enlarged. 

ON IRON SHIP-BUILDING; with Practical Examples and 
Details. Fifth Edition. Imp. 4W, boards, enlai^ed from 24 to 40 
PUtes (21 quite new), including the latest Examples. Together 
'with separate Text, llmo, cloth limp, also considerably enlarged. 
^yJollN Grantham, M. Inst. C.E.,ic Prieez/. zi. complete. 
Dtscriftiin of Hatis. 
j^ p._^ — J ^^ DouWt Lever Punching and Stealing 

Amile and T Iron, ivilh Dividing 
•WAr and Engioa 
16, JfonliWT.— Garfcnh'i RimiBs Ma- 
chine, DiiUing uid CauDler-SiiAiiE 

iSd. Plate Plaains Machine. 

fin SheailmiK vuh Copper. 
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IBs l*^ Shinfi ttidi Cdi^kt. 
^ TnuAratkiDS 01 the Mo "- 
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nade, withAdjiotiiig 

. Corrodod Itod Boit 
WoDiknSliip; Jt" " 




nd DmS^RiiEdiig.' 
'thne -p]B» I Bulkbeadt and. 



S. Inn Hasb, 

^ Sliding Keel, W^utBallasI.Mouldine 
tha Frames in Iron Ship fiuiiding. 
IkKlliiy Plates, 

10. XaOBfitudidsl SactifHi, and Half- 

hiHiillh Deck Han or large Vcjsels 
Sb a nduoed Scale. * 

11, UidihipSer:U«iiDrThrCE 
la. Lttrgiytail,%- ' " 
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Dm and e;r)od aensc 
udent oT iron naval 

...__,_„ . . . lillon U) U» hijlorr 

flT iruB ^ipbuildJug, while ilri having heen prepnjed by one wiui bas made die mfijecl 
his Audy for many years, and whfHC qualjlications have been repeatediy recoeoBod, 
will HDOnUnoDd it a« one of practical -utility to all intorcstod in shjpbLlilding."—k fifty 
tind Nmy Gaaelte. 

Sieam. 

THE SAFE USE OF STEAM : conlainine Rules for Unpro- 
fessianal Steam Uaen. By an Encikxer. Sacond Edition, izsao. 
Sewed, dd. 

N. B.—TfUslHOe wnrk shmtdbe in tki hands of cBoy person 
iaidHgle dtoiiwth a Sttam Eneimof any Hud. 
" ir sleam-uiers would hut lean tbti tiUle hook by heail. and then liaBd it lo 
rtttTstoiers lo do Ihcsamo, and us. ttel l\w\»K« So ' ' "' -—■--■-- 
kmsie KUBtioiu by lltui laiitj."— Enslith Hickmu:. 



^ WORKS PUBLISHED BY LOCKWOOD'i 

ARCHI TECTU RE, &c. 
Construction. 

THE SCIENCE of BUILDING : An Elementary Treatise on 
the Principles of Constracliou. By E. Wyndham Tarn, M.A,, 
Architect, llluslrited with 47 Wood Engravings. Demy Svo, 
price 81. i»L cloth. \RccenHy piMuhid. 

I very v^iuble boak^ vhicfa we Ftronaly rvcDimncnd u al! otudcnta. — Baiider, 
f the aathoraad the publisher." — Enginttr. 

-- . ^ ._. ..- ins ^ RKTc ojmpiluioiL; it is wi HUe digest nf 

mfn rvplijr onsiojj writijIffthaDinHiypiitCmg forth iiff sCraDgerciainu Lo originality." 
—Ensinetring. 

£eaton's Pocket Estimator. 

THE POCKET ESTIMATOR FOR THE BUILDING 
TRADES, being an easy method of estimating the vajious parts 
of a Building collectively, more especially applied to Carpenters' 
and Joiners' work, priced according to the present Talue of material 
and labour. By A. C. Beaton, Author of ' Quantities and 
MeaEurements.' 33 Woodcuts. Leather. Waistcoat -pocket size. 2/. 

Beaton' sBuiiders' and Surveyors' Technical Guide. 

THE POCKET TECHNICAL GUIDE AND MEASURER 
FOR BUILDERS AND SURVEYORS : containing a Complete 
Eiiplanation of the Terms used in Building Construction, Memo- 
randa for Relerence, Technical Directions for Measuring Work in 
all the Building Trades, with a Treatise on the Measurement of 
Timbers, and Complete Specifications for Houses, Roads, and 
lirains. By A. C. Beaton, Author of 'QuantilieB and Measure- 
ments.' With 19 Woodcuts. Leather. Waistcoat-pocket size. 21. 

Villa Architecture, 

A HANDY BOOK of VILLA ARCinXECTURE ; being a 
Series o( Designs for Villa Residences in various Styles. With 
Detailed Specifications and Estimates. By C. WlCKES, Aichiteet, 
Author of " The Spires and Towers of the Mediieval Churches of 
El^lnnd," &c First Series, consisting of 30 Piatts ; Second 
Series, 31 Plates. Complete in i vol. 4to, price a/. loi. half 
norocco. Either Series separate, price 1/. "Js. each, hzdf morocco. 
" The whole of lh= designs Iku evidenc* of their hi ■ ' ' ' 



. m.'—SHi/dme Nrws. 

JHouse Painting. 

HOUSE PAINTING, GRAINING, MARBLING, AND 
SIGN WRITING r a Practical Manual of, containing full infor- 
mation on the Processes of House Painting in Oil arid Distemper, 
the Formation ot Letters and Practice of Sign Writing, the Prin- 
aples of Decorative Art, a Course of Elementary DtavriBB for 
Ibiuse Painters, Writers, &c. , and a Collection of Useful Recripts. 
With 9 Coloured Plates of Woods and Marbles, and nearly 150 
Wood Engravings. By Ellis A. Da-xidso's, ^.■oSMn lA. ^^^^ 
in^ Construction,' ' Drawing (or Caipentec ' " ' *" 



16 WORKS PUBLISHED BV LOCKWOOD & CO," 

Architecture, Aiuient and Modern. 

RUDIMENTARY ARCHITECTURE, Ancient and Modem. 
Consisting of VITRUVIUS, iransiated by JosapH Gwilt, 
F.S.A., &c, wilh 33 fine copper plates; GRECIAN AicM- 
lecture, t>y the Easl of Abebdsbk ; the ORDERS of 
Arcliileeture, by W. H. Leeds, Esq. : The STYLES of Archi- 
tecture of Various Countries, by T, Talbot BtlftV; The 
PRINCIPLES of DESIGN in Architecture, by E. L. GAK.BKTT. 
In one handbome volume, balf-bound (pp. 1,100), copiously iUos- 
trated, price v, 

-* Slid set 
ANCIENT Al 
■nd Aberdeen's Grecian Aichitecture. 

N.B.— r^iJ iJ thi only idition of VITRUVIUS procurable at A 
modtralc price. 
MODERN ARCHITECTURE. Containing tie Order;, by Leeds; 
The Styles, by Bury; and Principles of Design, by Garbelt. 

The Young Architect's Book. 

HINTS TO YOUNG ARCHITECTS. By Geo kg e Wight- 
wiCK, Architect, Author of " The Palace of Architecture," &e. &a. 
New Edition, revised and enlarged. By G. Hdskisson Gbil.- 
LAtTNE, Architect. With numerous illustiations. izmo. cloth 
boards, 41, 

Drawing for Builders and Students. 

PRACTICAL RULES ON DRAWING for the OPERATIVE 
BUILDER and YOUNG STUDENT in ARCHITECTURE. 
By George Pvne, Author of a " Rudimentary Treatise on Per- 
spective for Beginners." With 14 Plates, 4tD, ^s. 6d., boalds. 
CoNTaHTE,— L Pracridl RdIh on Drswing— Ouilinei. II. Dittih—lliE Gneka 
ud Roman Orders. III. Practiciil RuIe^ on Drewing— Perspective. IV. PradioJ 
Rulu on LiKfal and Shadb V. Pnctiul Kulci on Colour. &c &e. 

Cottages, VillcLS, and Country Houses. 

DESIGNS and EXAMPLES of COTTAGES, VILLAS, ud 
COUNTRY HOUSES ; b«jig the Studies of several eminent 
Architects and Builders ; consisting of Plans, Elevations, and Per- 
spective Views ; with approximate Estimates of the Cost of each. 
In 4to, with 67 plates, price i/, u,, cloth. 

Builder's Price Book. 

LOCKWOOD & CO.'S BUILDER'S AND CONTRACTOR'S 
PRICE BOOK— with which is incorporated Atchlkv's, andpar- 
tioQsofthelale G, R. Bur.'seli.'s Builders' Price Books— for 1B7S, 
containing the latest prices of all kinds of Builders' Materials aad 
Labour, and of all Trades canoected with Building; with many 
useful and important Memoranda and Tables ; Lists of the Mem- 
bers of the Melropolitan Board of Works, of Districts, District 
Officers, and District Surveyors, and the MetropoHlan Bye-lawa 
The whole revised and edited tj 5?J.^cn T. W. Miller, Aichi- 
(ect and Surveyor. Yca^. Xv^o, B\.n«i^'j'\iaii-\«Miift.,-^t»Kfi. »#, 
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handbook of SpecificaiioTis. 

THE HANDBOOK OF SPECIFICATIONS ; or. Practical 

Guide to the Architect, Engineer, Surveyor, and Builder, in drawing 

Op Specifications and Contracts for Works and Constructions. 

Illustrated by Precedents of Buildings actually executed )yj eminent 

Architects and En^neers. Preceded by a Preliminary Essay, and 

Skeletons of Specmcations ind Contracts, &.C., &c,, anil explained 

by numerous Lithograph Plates and Woodcuts. By Professor 

Thomas L. Donaldson, Pre^deulof the Royal Institute of British 

Architects, Professor of Architecture and Construction, Urdversity 

College, London, M.I.B.A., Member of the various European 

Academies of the Fine Arts. With A Review of the Law op 

Contracts, and of the ResponsibilLties of Architects, Engineers, 

and Builders. By W. Cuknincham Glen, Barrister-at-Law, of 

the Middle Temple. 3, vols., 8vo, with upwards of rloo pp. of 

text, and 33 Lithographic Plates, cloth, 2/. zr. (Pablijihed at 4/. ) 

'In these Rvo volumes of 1, 1 00 pagia {logclIiHr), forty-four spedfiotionB of eieculsd 

Its lire eivcn, including t}ie spcaficatiDDS for psins of the new Houea of Poiliament, 

Sir Charies Barry, and for ihe ntw Roya! Eidianee. by Mr. Tile, M.P. 

'ADUEgsl the other known buildinES, the dpecificationa of which are ^veD, u« ' 

fmiMn Lunatic A5y)um |Wyait and Braoaon) : Tothill Fields Prison IK. Abm- 

W ! the City Prison, HolLoway (Bunning) ; th= HighSckwI, Edinburgh (HamUtonj ; 

lHnr«kers'Ha11. London lAngel) : Wellinston CoUege, SandhunI O. Shaw): 

9 id Grosrenor Squire, and elsewhere ; Sl George's Church, DoBouter 

MJ. DobEon) ?'n™^^^^tM Bridge CP'ageK IbTSgh'L^e^ ^dge, K^ 
_ (R. SlephsuooJ : vuious w»ks on llic Great Northern RaiJway (Brydone) ; 
ine French specification for Houses in the Rue de Rivoli, Farls '(Mil Armand, 
-— ' °idlechet, ud Rohault de Kleury, ircbileclsj. The niajoritv of the specifi- 



Donaldson's l^dbook of SiK' 
ilJrr. 

iecifications for Prac^tical Arckitecttire. 

SPECIFICATIONS FOR PRACTICAL ARCHITECTURE: 
A Guide to the Architect, Engineer, Surveyor, and Builder; with 
an Essay on the Structure and Science of Modem Buildings. By 
FsEDBRlCK Rogers, Architect With numerous Illustrations. 
Demy 8vo, price 151., doth. (Published at 1/. lOf.) 
^ A volume of specitioadops of a pTACEicBl chancier beJ4iggFejI1y required, and the 
btwoik, has produced tt '"" " ' "' -.- -■ ■ ' 

f iroD, glus&i bphflile, ai 

House-Owner's Esiintator. 

THE HOUSE-OWNER'S ESTIMATOR; or, What wiU it 
Cort to Bnild, Alter, or Repair ? A Price-Book adapled to the 
Use of Unprofessional People as well as for the Architectural 
and Builder. By the laie jAMEs D. SiMON, AR.LB ' 



d to iSy;. Crown Svo, clolb, price Ji- ^"i- 
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CARPENTRY, TIMBER, &c. 



i cheaper]'' 



TredgoliTs Carpentry, new, enlarged, and chet^cr^ 
Edition. 

THE ELEMENTARY FRINCIPLES OF CARPENTRY 

' a Treatise on the Pressure and EquiEbrium of Timber Framing, the 

Resistance of Timber, ond (he Construction of Floors, Arches, 

Biidges, RoQ&, Uniting IronandStone with Timber,&c. Towtuch 

13 added an £^y on the Nature and Properties of Timber, ftc, 

with Descriptions of the Kinds of Wood used in Building ; also 

numerous Tables of the Scantlings of Timber for different purposes, 

the Specific Gravities of Ma.teri^ &c. By ThuMAS Trbdoold, 

C.K Edited by Peter Barlow, F.R.S. Fifth Edidon, eoi' 

rectedand enlaij^ed. With 64 Plates (11 of which now fint B{)|ieu 

in this edition). Portrait of the Author, and several "WoodculB, In 

1 vol., 4to, published at 7I. 2!., reduced to U. 51., doth. 

^"Tndgald's CBTpeiitry' aught to be b fivery aichileci's uid evflr5 WUcf^i 

library, and tlLosff who da aot auddy poueu it anihi ta avail thcnuiva of the le-^ 

"A wnk Hho»: manumEiiBl emdlencc must conineod it wtierever llcilM □ 
|>tmtry ii copconDd. The AuilKn'ii pnneiplet are rath«r c»i&iaed ihao iropairedl,— 
time,and» afi Tiaw prcKoiteii. comEHria the &UF^t base wittL the mut JDtensdudiMBL^ 
ofpcogrc^vt sdeno:. The additiDluil plates are of great inuiDiic vaiuc^—^Mitfn^ 

Grandy's Timber Tables. 

THE TIMBER IMPORTER'S, TIMBER MERCHANT'S 
and BUILDER'S STANDARD GUIDE. Bj Richard 
GRAndV. Comprising . — ^An Analysis of Deal Standards, He 
and Foreign, Willi comparative Values and Tubular Arrangemenl 
for Fixing Nctt Landed Cost on Baltic and Naith American Deals 
includingi all intermediate Expenses, Freight, Insurance, &c, &c. 
together with Copious Information for the Retailer and Birildel 
Second Edition. Carefullj' revi^d and corrected. lamo, 
3^. inL cloth. 

treeoail, and thiow^n, as a makewQebE, obost of matoial CDncctnin? briclu, o 
cuLbtdb, Ac, — all that the class to whoin it appeals require*." — En^Uh MkA 

ofthecDntenls,takenatraadom,isiiivariablrcijrTCCt."— /lUunwM^^HiUWj? 

Tables for Packing-Case Makers. 

PACKING-CASE TABLES; showing the number of Supeifia 
Feet in Boxes or Pacting-Cases, from six inches squaie " 
npwiirda. Comjuled by WrtLIAM RicHAKDSON, ' - - 
Oblong (to, tlolh, price 31, 6d. 
"Will save ranch Ubour and calculatioo to piclring-case makenand those »lio 
padciiE-case5," — Grcccr. " InTjuablo lahoiir-satiintlblei"— /nMwKnUfim 

/Nicholson's Carpenters Guide. 

THE CARPENTER'S NEW GUIDE ; or. BOOK of LOrEi 
for CARI-ENTERS : comprising all the Elementary 
ffisential for actjaiting a knswiedge of Catpentiy. Founded on 
fate Peter NiCKOtstJs's aaiuiKti'wi^ ^^ew Edition, rirri. 
by Arthur AsHPitEL, "P-^i.^-. ''''?.w'™^'«^*^"''™=™^'*si«a' 
. Drawing, by GEORtia/P^^a- ■WvCali,-Pa^J{«^«>«^ 



WORKS PUBLISHED BY LOCKWOOU & LO. IB 

ffwsing's Timber Merchant's Companzon. 

THE TIMBER MERCHANT'S AND BUILDER'S COM. 
PANION ; containing New and Copious Tables of the Reduced 
Weight snd Mcasuiemeat of Deals and Battens, of all sizes, from 
One to a Thousand Pieces, and the relative I'rice that each siie 
bears per Lineal Foot to any gi»en Price per Pcleisburgh Standard 
Hnndied ; the Price pier Cube Joot of SquBre Timber to any given 
■price per Load of 50 Feet; the proportionate Value of Deds and 
BatleDB by the Standard, lo ScjUare Timber by the Load of 50 Feet ; 
the readiest mode of jscertiiiiung the Price of Scaatling per Lineal 
Foot of any size, to any given Figure per Cube Foot. Also a 
satiety of other valuable infannatiou. By Wn-UAM Dowsing, 
Timber Merchant Second Edition. Crown 8vo, y. cloth. 
BmrtluniuucanciKand dearuitcuipiHaililybi: madi:. There qan be na 
itoalenry timber merchant and builder oughl to pusscss iC—HuU Admtfiaer. 

mBer Freight Book. 

THE TIMBER IMPORTERS' , AND SHIPOWNERS' 
FREIGHT BOOK : Being a Comprahensive Series of Tablet for 
the Use of Timber Impotlera, Captains of Ships, Shipbrokets, 
Builders, and all Dealers in Wood whatsoever. By WlLLiAM 
Richardson, Timber Broker, author of " Packing Case Tables," 
Ac Crown 8vo, cloth, price 6s. 



MECHANICS,- &c. 



wtofis Measurer. 

THE COMPLETE MEASURER; setting forth the MeMore- 
ment of Boards, Glass, &c., &c ; Unequal-sided, Squire-sided, 
Octagonal-sided, Round Timiber cud Stone, and Standing Timber. 
With just allowances for the bartc in the respective species of 

i ... . p^gpgf deductions for the waste in hewing the trees, 

a Table showing the solidity of hewn or eight-sided 
, r of any octagoiSl -sided column. Compiled for the 
trecommodation of Timber-growers, Merchants, and Surveyors, 
Stonemasons, Architecis, and others. By Richard Horton. 
Second edition, with considerable and valuable additions, iztno, 
■ SlrOMly bound in leather, %s. 

[fie onicc of ^P archlMCI, cngulHT, linildine vurvpyor, dr laod agent fhat is 
^ — -It tllil ■aceUeaE ud lUefnl vork cannDt mily be coiudfircd periecl b ite 
'--" ' tkBMdir. 

iA the improved pad other tables in ibi» volume, and have noi 
irred anv UDf»irdeu or inaccuncy-'^ — Bniiiirr. 

[be ablei »e hive luled ue accumc .... To the builder and esnie 
' will bcmutaccepuble."— f ribiiit^rciUtwr. 

the best mciboda o( meuurcDiem shown, and in some ioclnnces 
DBS of WDodculL but tbe Brraneous fiysTcms pursued by dilhoilRI 
annsed. .... The work mu^t be coosdered to he a valuable addi- 
. . ientr's libmry— Co™'™, 

tperficial Measurement. 

THE TRADESMAN'S GUIDE TO SUPERFICIAL MEA- 
SUREMENT. Tables calculated from I lo 200 inches in length, 
by I to loS inches in breadth. For tbe use of Architects, Surveyors, 
Engineers, Timber Merchants, Builders, &c By Jamks Haw- 
KJMOS. Fcp, 3J, 6d. doth. 



p 



hukjCS published BY LOCKWOOD & CO. 

Mechanics Workshop Companion. 

THE OPERATIVE MECHAmC'S WORKSHOP ( 
PANION, and THE SCIENTIFIC GENTLEMAN'S P 
TICAL ASSISTANT ; comprising a peat vsriehr of a« 
useful Rales in Mcchnniikl Science ; with Dumerous Tables of 
licid Data nnd Cnlculntcd Rraulti. By W. TBMPl-eTON, t 
of "The Engineer's, MillwriElit's, and Machinist's Practici 
jistant." Eleventh Edition, with Mechojiical Tables for Otx 
Smiths, Millwrights, Engineers, &c. ; together with several 1 
and Practical Rules in Uydiairiii:! and Hydrodynaniica, a 1 
of Experimental Results, and an Extensive Table of Powei 
Roots. II Plates. I2iiia, 51. bound. 

\% A IcA-book of nfcjence, in which mecluQicEil and commercial denai 
i's CoMPA BIOS tunds imrivajltd. "— Jf»e*aMaj"«lf 

tutdy ; aiid there are a bri 
10 iMa liiilc worL 'SuzSat 

Engineer's Assistant. 

THE ENGINEER'S. MILLWRIGHT'S, and MACHIN 
PRACTICAL ASSISTANT ; comprising a Collection of 
Tables, Rules, and Data. Compiled and Arranged, with O 
Matter, byW.TEMPLETON, sthEdition. iSmo, ZJ.W. clc 
" 5o much varied infarnutign campreued ldLd f d small a spact, and publol; 
price vhicfa placta it within Ihft rbicn of the humbJcFt mechanic, caiuiot fail ' 

" Evciy meclunic Ehoiild becom-c the pEV^lwr of the volumr, and a more : 
prcHnt to an ^pFH^i'^e to any of the m^harrit-al mdes could not possibly be 
—BtdUiag Nts,!, 

Designings Measuring, and Valuing. 

THE STUDENT'S GUIDE to the PRACTICE of : 
SURING,andVALUING ARTIFICERS' WORKS; corn 
Directions for taking Dimensions, Abstracting the same, and bt 

»the Quantities into Bill, with Tables of Constants, and c 
Memoranda for the Valuation of Labour and Materials in t 
Spective Trades of Bricklayer and Slater, Carpenter and i 
Painter and Glaiicr, Paperhanger, &c. With 43 Plates and ' 
cuts. Originally edited by Edwaso Dob^on, Architect, 
Edition, re-written, with Additions on Mensuiation and Coi 
lion, and usefiil Tables for facililating Calculations and Ml 
ments. By E. Wvndham Taen, M.A., 8vo, itw. 6rf. dot! 
" Tw. uKful b»k should be in ever; archilecl'i and builder's oKce. It 1 
a vMtamouai of information >b9olutelynce«Mry to be blown."— 7-*r/irit4j 
" Wc have faileil to discover an^rihine connected intb the huHding tndo, I 
lavatinff foundaliong iQ hell-hangmg, ^t i& not fully Ireabed upon m this 1 

further and valuahle additions, enabodying a large amount of InformBltEni rcl 
the lechnicalitiea and modes of consiructujn employed ia the several branche: 
building trade.'" — Ctftlitry Cn^rduin. 

"Altogether the book id one which well fulfill the nromde of Its tills-naw 
Can thoroughly recommend tt tc the clan foi 
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MATHEMATICS, &c. I 

regory's Practical Mathematics. 

"" MATHEMATICS for PRACTICAL MEN ; being a Common- 
place Book of Pure and Mixed Mathematics. Designed chiefly 
for the Use of Civil Engineers, Architects, and Surveyors. Part I. 
Pure Mathematics— comprising Arithmetic, Algebra, GeoraEtty, 
Mensuration, Trigonometry, Conic Section^ Properties of Curves. 
Fart IL Mixed Mathematics — comprising Mechanics in general. 
Statics, Dynamics, Hydrostatics, Hydrodynamics, Pneumatics, 
Mechanical Agents, Strength of Materials. With an Appendix of 

Sious I-ogarithmic and other Tables. By Olinthus Gregory, 
■ D., F.R.A.S. Enlarged by Henry Law, C.E. 4th Edition, 
carefully revised and corrected by J. R. YotrNO, formerly Profes- 
sor of Mathematics, Belfast College ; Author of " A Course of 
Mathematics," 4c. With 13 Plates. Medium 8vo, \l. Ij. cloth. 

Ala standard work on niatheEnatic& it has not been exceUed." — AriisaM. 
TtiB angioHr or grchitect wilL here find ready to his hand, nilu far lolvine atajiy 
rjr mattaeinaiical difSculty thai may uiK in hispiaccicc ThcnUisanin aliases 
feined hy means of examplea, in which tveiy step of the proce« is deailj wotlwd 

'One of th^ most sen'iceiible books to Che piactica! meohanios or the coantrr. 



J escaped lh= eyes of ihe fomej- Edilw. The book Is no" as complete as it is 
iUe to milie it. It is an instniciive book /or the student, and. a Text- 

'he Metric System. 

A SERIES OF METRIC TABLES, in which the British 
Standard Measures and Weights are compared with those of the 
Metric System at present in use on the Continent. By C, H, 
DOWLING, C. E, Second Edition, revised and enlarged. Svo, 
lar. id. strongly ijound. 
Mr. DowKng'a Tables, which ate well put together, eorae just in time as a ready 

riified by Professor Aiiy, the Astninomer-RoyaL"— 
''BritUkAimciatii'ii. 

<isive Weight Ca-lculator. 

THE WEIGHT CALCULATOR; being a Series of Tables 

ri a New and Comprehensive Plan, exhibiting at one Reference 
exact Value of any Weight from ilb. to 15 tons, at 300 Fro- 
greasive Rates, from i Pennyto 1 68 Shillings per cwt., and con- 
taining 186,000 Direct Answeis, which with their Combinations, 
consisting of a single addition (mostly (o be performed at sight), 
will affoM an a^egate of 10,266,000 Answers ; the whole being 
calculated and designed to ensure Correctness and promote 
Despatch. By Henrv Harhbn, Accountant, Sheffield, Author 
of 'The Discount Guide.' An entirely New Edition, carefully 
revised. Royal Svo. slrongly half-bound, 301. \Just Ptibluhtii. 



W WORKS PUBLISHED BV LOCKWOOD ft CO. 

Inwood's Tables, greatly enlarged and improv 

TABIDS FOR THE PURCHASING of ESTATES, Freeh 
Copyhold, or LcaseioM ; Annuities, AdvowBOns, Sc, and for 
Renewing of Leases held under Cathedral Churehes, Collets 
other coiporate bodies % for Terms of Yeai^ cerUin, uid for Xii 
also for Valuing Reiersionary Estites, Deferred Anniuties, T 
Presentadons, &c, tt^therwith Smart's Five Tables of Compo 
Interest, and an Extension of the same to Lover and Intenned 
Rates. By WlLLlAM INWOOD, Architect, The zoth edition, i 
considerable adiGtions, attd new and valuable Tables of Loguit 
for the more DiflScuU Computations of the Interest of Money, '. 
Gount, Annuities, &c, by M. FtooR TnoMAN, of the Sw 
Cr^C Mobilier of Fari& I2mo, Si-, cloth. 

*," Thii idHien (tht 20IK) differs in many imfariant fartiai 
Jram/erntcr ena. 7%ic/iatiga consisl, first, in a martetnva 
0»dsy!trmaHiarraHganlnte/lfu»r^mUTabUs,atidia&trvm 
tfctrtain tiHmfrical irr»rj which a vsry ctr^idmiiiiontftiun 
iai etabled thi prtstnt editor to discamr; and secondly, M 
txtaision of practical vtiltly conferred an the ■a/ori by the introAk 
ef Tailei tuna imerttd'far tht firit time. This Jum and imfet 
matter iialiia much aeltcaify added to Inwood's Tabi.es ; not 
has been ahstraeltd from thi original coUtetian: so Ihallhoteivka 
ioH long in lie haHl of consulting InWoOD for any tptcialfr 
sienai purpose ti/iil, as hiretafore, find the ii^rmation letigit itl 
its pages. 



fiadtliepr 

Geometry for the Architect, Engineer, &c. 

PRACTICAL GEOMETRY, for the Architect, EnEineei, 
Mechanic; giving Roles for the Delineation and Applicatio 
various Geometrical Lines, Figures and CuiveE. By E. W. Tj 
M.A., Architect, Author of " The Science of Buildinft" 
With 164 Illustrations. Demy Svo. sis. 6d. 
" No beok with the same objects in vie* has erer betn published in whic 



■^ Laid down sod the illu^l 



Compound Interest and Annuities, 



THEORY of COMPOUND INTEREST and ANNUIT] 
with Tables of Logarithms for the more Difficult Computatie 
Interest, Discount, Annuities, &C., in all their Applicationa 
Uses for Mercantile and State Purposes. With an elaborate I 
ductioQ. By FfeDoK Thoman, of the Societe CrMk Mot 
Paris, izmo, doth, %s. 

' A very powecfu] wTirk, and the Author has a vcty remarkable CDmnund 

jecl/' — Preffiser A. dt Mffrgan. 

We recommend it to the DOtite ol isaHMnsMA ttttrau™*!."— .irtownan, 



WORKS PUBLISHED BY LOCKWOOD & CO. 23 



SCIENCE AND ART. 



TAe Military Sciences. 

An>E-M£MOIRE to the MILITARY SCIENCES. Fnuned 
from Contributions of Officers and othexs connected with the dif- 
. ferent Services, Originally edited by a Committee of the Corps of 
Royal Engineers. Second Edition, most carefully revised by an 
Officer of the Corps, with many additions ; .containing nearly 350 
Engravings and many hundred Woodcuts^ 3 vols, royal Svo, extra 
doth boairds, and lettered, price 4/. lor. 

"A oompendiotis encyclopaedia of military knowledge." — Edinbiirgh Review, 
** The most comprdiensive work of reference to ^e military and col^eral sciences." 
"Vthmteer Service Gazette, 



Fuid Fortification. 



A TREATISE on FIELD FORTIFICATION, the ATTACK 
of FORTRESSES, MILITARY, MINING, and RECON- 
NOITRING. By Colonel I. S. Macaulay, late Professor of 
Fortification in the R. M, A., Woolwich. Sixth Edition, crown 
Svo, doth, with separate Atlas of 12 Plates, price I2J. complete. 

Field Fortification. 

HANDBOOK OF FIELD FORTIFICATION, intended for 
the Guidance of Officers preparing for Promotion, and especially 
adapted to the requirements of Banners. By Major W. W. 
Knollys, F.R.G.S., 93rd Sutherland Highlanders, &c. With 
163 Woodcuts. Crown Svo, 3^. 6^. cloth. 

Storms. 

STORMS : their Nature, Classification, and Laws, with the 
Means of Predicting them by their Embodiments, the Clouds. 
By William Blasius. With Coloured Plates and numerous 
Wood Engravings. Crown Svo, I2J. dd, cloth boards. 

Light-Houses, 

EUROPEAN LIGHT-HOUSE SYSTEMS ; being a Report of 
a Tour of Inspection made in 1873. By Major George H. 
Elliot, Corps of Engineers, U.S. A. Illustrated by 51 En- 
gravings and 31 Woodcuts in the Text. Svo, zis, doth. 

Dye- Wares and Colours. 

THE MANUAL of COLOURS and DYE- WARES : their 
Properties, Applications, Valuation, Impurities, and Sophistications. 
For the Use of Dyers, Printers, Dry Salters, Brokers, &a By J. 
W. Slater. Post Svo, cloth, price *js. 6d, 

"A complete encyclopaedia of the materia iinctoria. The information given 
fleeting each article is full and forecise. and die mediods of detenmninii^ the value 
' articles such as these, so liable to sopmsdcatioii, are c^vtSk^nidDL <^>aacpw»St^goii.^sfc 
ictical as well as valuable. "-^Chemist and Druggist. 
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Electricity. 

A MANUAL of ELECTRICITY ; induding Galvanis 
netiam, Diamagnclism, Electro-Dynamics, Magno-Electr 
the Electric Telegraph. By Henky M. Noad, Ph-D., 
Lecturer oq Chemistry at St. George's Hospittd. Fonitb 
entirely tewxitten. Illustrated by 500 WiXidciits. Svo, 1/. 
^' The coouncDdaUDru alreulT bcatowed in tlic pogaof thEl.aH»/da 
ediliom of this wofk nre mare ULan evtr menled by Ox present, llie occ 

Text-Book of Electridiy. 

THE STUDENT'S TEXT-BOOK OF ELECTRIC! 
Henry M. Noad, Ph.D., Lecturer on Chemistry at St. 
Hospital. New Edition revised and enlarEcd, with add 
Tel^iaphy, by G. E. PreeCe, Esq. UpwardsofjCXiIlIt 

Rudimentary Magnetism. 

RUDIMENTARY MAGNETISM : bang a concise i 
of the general principles of M^netical Science, and the 
to which it has been applied. By Sir W. Snow Harsi 
New and enlarged Edition, with considerable addition 
Noad, Ph.D. With 165 Woodcuts. l2mo, doth, 4J. 1 

posHbleMUdiuJan Ihe^bjcct at DuEDelJMii."— jMAAnnicj' Magmiuti. 

it ti poHillla U write."— £»WuA MkIuu,k. 

" TS<K only wiU Ihe K[enSiic student (ind Ihk volume u invuhuble ba 
evee, Wi the general reader wiJ ^ud in it as much to miercEt u Id Infoti 
Itiough a strictly bciealilic toork, its subjeci is bandied in a simple or 

Chemical Analysis. 

THE COMMERCIAL HANDBOOK of CHEMICA 
LYSIS ; or Practical Instructions for the determination c 

► trinsic or Commercial "Value of Substances used in Man 
ia Trades, and in the Arts, By A. Normandy, Author i 
tical Introduction to Rose's Chemistry," and Editor 
"Treatise of Chemical Analysis." Neai Editiea. Enls 
to a great extent re-written, by Henry M. Noad, Ph. D 
With numerous Illustrations, Crown 8vo, izs. bd. doth. 
[? 
'^We recommeDd this boalc to Ibe careful pemsol of every one ; it ta 

Sffifo/ Ti^i. "" '' '" ""^ '"'"«*■''■« 8S ■» e pharraaceu pra. 

" The very best work on the suyecl the Ei^Ush press has ytt prodt 
ckvtk/ Magtaiiu. 

Mollusca. 

A MANUAL OF THE MOLUSCA ; being a Ti 
Recent and Fossil She\U. B-j Dr. S. P, Woodwari 
With Appendix by RawhTnt^ ^.\„?i.^ .C.S,. Wi 
Otis Plates and 300 "Woodcate. T\mi"EA','i«m. Sliwwo.' 
cloth gilt. 
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locks. Watches, and Bells. 

RUDIMENTARY TREATISE on CLOCKS. WATCHES, 
and BELLS. By Sir Edmund Beckett, Bart, (late E. B. 
Denison), LL,D., Q.C., F.R.A.S., Author of " Astronoiuy with- 
out Mathematics," &c. Sixth edition, thoroughly revised and 
enlarged, with numerous Illustrslions. Limp cloth (No. 67, 
Weole's Series), 41. &^.; cloth boaids, e,s. kd. 

fcmoacbtd.'^'^Bti^uA Hfgcfuinic. 

'"tbe bol work on the subject probably ertant . . , So far as »e linow it has 
nnipcdtoT worlliy of the namE, The liEacise oa bells is undoubledly the b<st in 
Ungmgc. It ahowE that the aiithor has contributed very much to t}icir modem 

all It a radinejitnry lieatise is a misnomer, sa least as respects cTe^^ and belts, 
h AODudlillc more. It is llie most important work of its kind Id Englilh." — 

"riieoidy modem treatise 00 dock-making."— /Torai^fica/yaiirtw/. 
"■^Ithont haviufi any ±peda1 interest in tlie subject, and even without possessing 

ti aptitude lor mcebanical studies, a icader must be very unintelbEeat who 

id matter 10 engage hii attention in Cbil work. The little book now 
evised and cniai^ed, bcuig one of the most piaiseworthy volumes in 
llle'l admitRble scientific and educational series."— Z'ai^t' Ttlfgratk. 
We do not know whelfaer to wonder mon It the entiaonlicary dieapness of this 
"' treatise on docks, hy the most able authority 00 inch a subject, or the 
complelenessofhiswDrltevenlDlhe minutest details. The chaptci on bells is 

rations, notes, and indices, inske the worii comt^ely pofe^t of its kind."— 
'the eminent Farliameniaiy Counsel Mr. E. B. Denison— now £ii Edmund 

cience and Scripture, 

SCIENCE ELUCIDATIVE OF SCRIPTURE, AND NOT 
ANTAGONISTIC TO IT : being a Series of Essays on— r. 
Alleged Discrepancies ; 2. The Theory of the Geologists aod 
Figure of the Earth ; 3. The Mcsaio Cosmogony ; 4. Miracles in 
general — Views of Hume and Powell ; S- The Miracle of Joshua — 
Views of Dr. Colenso ; The Supematurally Impossible ; 5. The 

iAm of the Fixed Stars— their Distances and Masses. By ProfcsMr 
R. Young, Anlhor of "A Course of Elementary Mathematics^" 
c. &c Fcap. Svo, price 51. cloth lettered. 
ProlcMor young's eiamination of the early vmes of Genesis, in connection with 

> XMstiiKtushed by the true spint af sdea^lic mquiry, by groat knowledge, by keen 
leal ubiGly, and by a style peculiarly clear, easy, and energedc,"- A'ii«to»/m«Ht 
'' No one cui rise from its perusal wiihoul bemg impressed with a sense of tlnl^^^B 
line^nf modernsccpIidHnL"— Sa^(a(ltf.WB<iiif. j^^H 

luafale coutribuIiDil to conlroveisal Ilisological literature."— Cl'tf Fna. '^^H 

*ractual Philosophy, ^^ 

A SYNOPSIS of PRACTICAL PHILOSOPHY. Bytiie Rer. 
IohnCarR, M.A., late Fellow afTrin.Coll.,Cam.lKBlte. &eoi>A 
^diti(»a iSmo, y. cloth. 
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Dr. Lardners Museum of Science and Art. 

THE MUSEUM OF SCIENCE AND ART. Edited H 
DloNvslus LARDNSR,D.C.L.,ronncrl7 ProfesGor of NatiraJ Floj 
losophyand Astroncini)' in University CoUege, London. Contehts: 
The Plancls ; are they inhabited Worlds ?— Weather Pit^ostic^ 
Popular Fallacies in Questions of Phyacal Science — Latitudes ant 
Longitudes — Lunar Influences — Meteoric Stones and Slioatiiif 
Stare — Railway Accidents — Light — Common Things : — Air- 
Ijcomotion in the United Stiles — Comelary Influences— Cemm(n 
Things: Water— The Potter's An— Common Things r Fire- 
Locomotion and Tianspoit, theit Influence and Piogress — 1^ 
Moon— Common Things : The Earth— The Electric Telegrad^ 
Teirestria] Heat — The Sun — Earthquakes and Volcanoes — Bid 
meter, Safety Lamp, and Whitworth's Micrometric Appaialw 
Steam— The Steam Engine— The Eye— The Atmosphere— T)« 
—Common Things : PuEvps— Common Things : Spectacles, A 
Kaleidoscope — Clocks and Watches— Microscopic Drawi^ aa 
Engraving — Locomotive — Theimometer — New Planets : Lc*4 
lier and Adams's Planet — Magnitude and Minuteness — ComnM 
Things: The Almanack — Optical Images — How lo obserie ti 
Heavens — Common Thin gs : the Looking^lass — SteUar Uniiti 
—The Tides — Colour — Common Things : Man — Magiu^ 
Glasses — Instinct and Intelligeiice— The Solar Microscope — t 
Camera Lucida— The Magic Lantern— The Camera Obscoit 
The Microscope— ^The White Ants : their Manners and Habit! 
The Surfccc of the Earth, or First Notions of Geogrophy-Sdei 
and Poetry— The Bee — Steam Navigation — Electro-Mot 
Power— Thunder, LightninE, and the Aurora Borealis— 1 
Printing Press— The Crust of the Earth— Comets— The SteB 
scope— The Pre-Adamile Earth— Eclipses— Sound. With \ 
wards of laoo Engravings on Wood. In 6 Double VoloiD 
handsomely bound in cloth, gilt, price £l is. 



«VHke« madeio IheSdennfic InrtmcBon of wcry cluss of soaay.''-~Sir J}a 
Brr^uttrr n Ikt NarU Brilisk Rnitrwi. 

"WhediErwi: i:aiisider ilu libenJity and beautr of ibt illuilnilisiis. Iked 
the Briiiug, o( ilm duiahlc iaimsc of ihc mauir - - -- ■ " 

",* Srparatc hooks farmtd from Shi abovr, stniablc /(fr Workmliii 
Libraries, ScinKe Classn, SrV. 
Common Things Explained. With 233 ninstrations, $1. 
TheElkctbicTelioraph Popularized, loollluatrations, ti.6d,A 
Thb MiCBOSCOPE. With 147 Illustrations, 3s. dolh. 
Popular Geology. With 201 Illustrations, 2r. W. cloth. 
Popular Physics. With 85 IllustratioDs. u. 6rf. cloth. 
POPULAI Astronomy. With i3i IDustratioos, 4.1. 6d. ctotk. 

Steam and its Uses. WKh^'VaBjWiivuoa.ai. doth. 

The Bee and VJhitr Knts. ■S«vftv\Vi^Sis«:t»SK(wi,&ifti,'»i. 
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DR. LARDNER'S SCIENTIFIC HANDBOOKS. 

_ THE HANDBOOK OF ASTRONOMY. By Dionysius 
Lardner, D.C.L., formerly Professor of Natural Philosophy and 
I Astronomy in University College, London. Fourth Edition. Ke- 
■ vised and Edited by Edwin Dukkin, F.R.A.S., Superintendent 
bef the Altazimuth Department, Royal Observatory, Greenwich. 
KWith38 plates and upwards of lOO Woodcuts. In one thick toL, 
^^ - n Svo, price 91. 6rf. cloth. . 

lu SBiaice and pmlice of asB<inanly."-~AtlraiuiinKafheferler. 

les. 

THE HANDBOOK OF OPTICS, New Edition. Edited by 
T. Olveh Harding, B.A. Lond., of University College, London. 
KWith 29S Illustrations. Small Svo, cloth, 448 pa^s, price ^1. 

'rieity. 

iTHE HANDBOOK of ELECTRICITY, MAGNETISM, and 
^ACOUSTICS. New Edition, Edited by Geo. Cakev Foster, 
" , F.C.S. With 400 Illustrations. Small Svo, cloth, price 5s. 
' le been CDtru£lcd to any one bcltci cakukted to prcserre 






mcs. 



itific ImowledgE,''— i'lgtvlor Sciemx Jim 



and bnn^g u| 



bit 



[THE HANDBOOK OF MECHANICS. Revised and en- 
■larged by B. Loewv, F.K,A.S. yi^rtntii^. 

drostatics.' 

PTHE handbook of HYDROSTATICS and PNEUMATICS. 
\ New Eflilion, Revised and Enlareed by Benjamin I^kWy, 
[_ F.R.A.S. With numerous Illustrations. 51. '^mt fublhhtd. 

tat. 

I THE HANDBOOK OF HEAT, New Edition, Re-wri(ten and 
I Bnlaiged. By Benjamin Loewv, F.R.A.S. [Marly ffai,/y. 

al Physics, 

I THE HANDBOOK OF ANIMAL PHYSICS. WUU 51 
\ lUuKttatioDS. New aiition, small 8 vo, cloth, ^s. td. 732 pages. 

tctric Telegraph. 

\ THE ELECTRIC TELEGRAPH. New Edition. ReviiB* 
[ and Re-wriilen by E. B. Bright-, F.R.A.S. 140 lUustratioil^ 
, 21, &f. cloth. 

Eof the most rEitJalilc boolis erlanlon IheEIcclric TclegraiA."— Jlf' ■*'' 

URAL PHILOSOPHY FOR SCHOOLS. By Dr. Larener. 
%%& UluEtralioQs. Fifth Edition, i vol y. 6d. cloth. 

tt of Phywil Saaicx,"—£riHik QiiarUrfy Rtvirw. 

MAL PHYSIOLOGY FOR SCHOOLS. ■&-) "D-a. "V-tCKOWci. 
ftlKt& ifo Uluslratious. Second Edition. I -voL 'is. dd. -^^fe- 
fc I ' "vi, nUamBsed, and eiccUentW UlustMlBi,"- " "' "" 
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Geology and Genesis Harvtonised. I 

THE TWIN RECORDS of CREATION; or. Geology d 
GenesiE, Iheir Perfect Harmony and Wonderful Cancorf. B 
Georcb W. Victor Lit Vaux. With numerous lUostratiosi 



b Bn able and mtseaiac [uidc to ■ popu 
■mnecinlion of geological science-" — SifcUiter. 
''The author combme an ucbouiKled admiralien oT Kience with, an uoboui 

" No ical dilSculIy is sbulccd, aiid no uptiisttr is led uneipiisai* — 73< Xidi. 

Geology, PhysuaL 

PHYSICAL GEOLOGY. (Partly based on Major-Gew 
Partlock's Radiments of Geology.) By RALPH TatK, A.L. 
F.G.S. Numerous Woodcuts, izmo, ». 

Geology, Historical, 

HISTORICAL GEOLOGY. (Partly based on Major-Gene 
Poitlock's Rudiments o£ Geology,) By Ralph Tate, A.L.1 
F.G.S. Numerous Woodcuts, wao, is. i>d. 

•»• Or Physical and Historical Geology, bound in 
Velumi, price 51. 

TVood-Carving. 

INSTRUCTIONS in WOOD-CARVING, for Amateors; 
Hints on Design, "By A Lady. In emblematic wrapper, 1 
somely printed, with Ten large Plates, price is. 6d. 
" TJie handicraft o( the wooa-carver, )P well ai a book can impart it, may be 
from 'A Lad/s'puUicadDD,"— .4f4fjwvm. 
" fi-T^ firacticai gfidr. It i& very catnplelc." — Littrary CkurcAiHan. 
" The directions given are plain and easily undcEstood, and it forms a reii 
introductloD to the pfacticai part of the auver^t arc"— fj^vA^fC^id*^. 

Popular Work on Painting. 

PAINTING POPULARLY EXPLAINED; with Htsto 
Sketches of the Progress of the Art. By Tromas John Gull 
Painter, and John Times, F.S.A. Second Edition, revise' 
enlarged. With Frontispiece and Vignette. In small Svo, &. 

%* TAis Work has been adoplid as a Friu-iaok in Ike Sckn 
Art at South Kmangton. 
" AworJc (hat maybe advantageously cotuulted. Much may be leamcit, ert 
Ihose who lancy they do not require to be taught, from the careful peiwl f* 
"agrelendinE but coraprdniiiive tteadsc.''— j4rt 7««rna;, 

A valuable book, which aumlies a want. It contains 1 large amount ofn 
matter, agreeably conveyed, aitd will be round of value, as well by the vpull ' 
s^ukg mf«mauon as fay the geneial reader. We give a cotdiaJ welcome ta Ibck 

Grammar of Colouring. 

A GRAMMAR OF COLOURING, applied _. _. 
Painting and the Arts. By George Field. New edil 
lai^d and adapted to the use tif the Oniamental Pa' 
Designer, by Ellis A. Davidson. With new Coloured 
and numerous Engravings on Wood, iirao, 31. cloth " 
"One of the most uu^^o1^^eniI^\A^%.3a^^rahably "* 

" The book iBBmoatuMt\jir*««m*i^'iiLe-viav«*«'*y>B 
" This treadse forms a niotX NsiuaMie Tindt mttiim (wS* 
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•lamottis Works on Illumination & Alphabets. 

A PRIMER OF THE ART OF ILLUMINATION ; for the 
use of Beginners : with b Rudimentary Treatise on the Art, Prac- 
tical Direclions for its Exercise, and numerous Examples taken 
from lUuminaCed MSS., printed in Gold and Colours. By F. Dela- 
MOTTE. Small 4ta', price 9J. Ele^^tly bound, doth antique. 

A handy book, beautifully illustrated ; the tevi oT vhich is well written, sind cal- 

-llobsuseTuL . . . Tbcuiunplsortuidiat MSS.recamincndcd tathe >nid«it, 

widi niudi good scnst, the author choows from collectioBS aKSSslblc 10 dl, »M 

UAMENTAL ALPHABETS, ANCIENT and MEDIEVAL ; 
from the Eighth Century, with Numerals ; including Gothic, 
Church-Tcxt, lai^e and small, Gemian, Italian, Arabesque, Initials 
for Illuminalioo, Monograms, Crosses, &C. &c., for the use of 
Afchitectural and Engineering Braughtsmen, Missal Painters, 
Masons, Decorative Painters, Lithographers, Engravers, Carvers, 
&C. &c. &c. Collected and engraved by F, Delamottk, and 
printed in Colours. Royal 8vo, oblong, price +?. cloth. 

A wdl-known engraver and draughtsmaTi hu enrolled in this userul bonk the 
lloT many years' study and rescardi. For thoie wtia insert eti^iiuelled sentences 
id ^ded chalices, who blaiQTI shop legends over sbop-doDis, who letter church 
■ mth pithy sCDtcucei £r[>ni the Uef^ogue, tins boolc wul be useful" — Atkerueum, 

lAMPLES OF MODERN ALPHABETS, PLAIN and ORNA- 
MENTAL ; including German, Old English, Sason, Italic, Per- 
spective, Greek, Hebrew, Court Hand, Engrossing, Tuscan, 
Riband, Gothic, Rustic, and Arabesque ; with seTeial OiiginU 
Designs, and an Analysis of the Roman and Old English Alplia- 
bets, large and small, and Numerals, for the use of Draughtsmen, 
Surveyors, Masons, Decorative Paiinters, Lithogrspheis, Engravers, 
Carvers, &c Collected and engraved by F. Delamotte, and 
printed in Colours. Royal Svo, oblong, price 4J. cloth. 

To arttBts of all elases, but more especially to architects and engravers, this T017 
fttiDie book will be invaluable. There is comprised in it evety possible shape inta 
1 the letters of the alphabet and nuinerils can be tormei and the talent which 

dofiiL "— 5Jaw^aral 

DI^VAL ALPHABETS AND INITIALS FOR ILLUMI- 
NATORS. By F, Delamotte, Illuminator, Designer, and 
I Engraver on Wood, Containing 21 Plates, and Illuminated Title, 
■ ited in Gold and Colours. With an Introduction by J. Willis 
OOKS. Small 4to, 6f. cloth gilt. 

__ lume in which the letters af the alphabet come forth glotlfied in gilding and 

I a lort of rainbow arabcs<]ue. A poem emblatoned in these characleti would be 

rCDmparable to one of those delidous love lettQS syinboli?e<l in' a bunch of Aowcis 
lelflcted and cleverly arranged," — ^vtt, 

IE EMBROIDERER'S BOOK OF DESIGN ; containing Initials, 
Emblems, Cyphers, Monograms, Ornamental Bonders, Ecclesias- 
tical Devices, Mediieval and Modem W5\iiDt\s,, a»i "^sKmsk^ 
EmWeros. Collected and engin'jei >s\ T. O'B-vw.av^-t, ■»-3*- 

jriDled ia Colours, Oblong tojbISvo, ai.&d.moTft'jmKBS^^^^ 
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Yottatt and Bum's Complete Grazier. 

THE COMPLETE GRAZIER, andFARMER'S and CATTL 
BREEDER'S ASSISTANT. A Compendium of Hnsb«ndj 
By William Yobatt, Esq., V.S. nth Ediiioii, eoJugsd 
RoBBiT Scott Bdrn, Aulhotof "The Lessons of My Fmiii,"! 
One Iirge Svo valume, 7S4 pp. with 215 Illustrations. iL u. baltt 

" The Hwiflanl and text-book. with, tbt firmrr and P^vi.'^—F^rmrr'r JUt^mti 

" A vdtuhle lopETtorir of iiiHtUfi«vcB for all who swbe apkuLture a immut > 

cvHrikEvlipc thoic wkaaim at knpuig pace with the imzavvniiffils 01 thew&' 

"A ttea tia * leliidi will TcntiiD 4 vfimdard work od the subject as loeg a Brit 
lyieidnua B>idin«."— ^or* Zdiu Hxfrits, 

" Obb Etf tk* beM book* of nfdna ce that can be CDPULued in the afliiCDjlKna 
llhrajy- The word 'cwapleie' cxpresHi [t£ chancier; »iu:e cvory detail af 1 
ntjefl find! a place, tnaled upoa, and U|iailied, in a clear, campneheuivt, a 
praBtioal manner."— J/ .tf!!^-^. 

Spooner mi Sheep. 

SHEEP; THE HISTORY, STRUCTURE, ECONOM 
AND DISEASES OF. By W. C. Spooner, M.R.V.C, J 

Third Edition, conBiderably enlargni ; with nnmcTon; ftae eii| 
viogs, including some specimens of New uid Iiaproved Bree 
Fcp, 8vo. 366 pp., price (rs. cloth. 
"Thebooli i> decidi^d!v.di«1iest of the kind in dut lar^uaEC."— JVif jnizji. 
™Aniinlile lfJtt\HX^.' —Stmm^rti Mtrcury- 

*' llr. Spooner has ODBTejrad tipoa the agrieulliml dis a Ivdjie bnefit br < 

liodyitifl ia thih work (he impfgveaacEiu made in «hecp Aodt ^ such nea 

Huinpfirey!. Rawlencc, Howard, and others.'"— Wim/li*ifr Advcrlistr. 

"The work ihoold I>e \a posesiioo of erery flock-maner'— Aua^iu^ CiwnA 

"We ottx confidentlr raEoquuend the worit at lueiul and relialtle. andafra 

piactical utility lo the elaae for HhoBi it ii intended." — Satisiuti unil ITaMin 

"Mr. Spoaner has Ponrerrsd a tioail on agriculturists generally, aiMl the fan 
library will be inccnplcte which doea not induce Eo ■riM.f^vj^ a guide CO'* 
Lnpottant 'tiraach aS OMbuuBea."— Darsrt Cannly Chrimklt. 

Scott Burn's System- of Modem Farming. 

OUTLINES OF MODERN FARMING. By R. Scott Bti 

Soik, Manures, and Crops^Fanainf; uid Fanning Econos 

Historical and Practical — Cattle, Sbecp, and Horses — Uanagemi 

of Che Dairy, Pigs, and Foultiy, with Notes on the Dieses 

StocJt — UcUisation of Town-Sewage, Irri£Btjoii, and RecUmiti 

ot Waste Land. New Editian. In i vol 1250 pp.. haU-i»iU 

profusely Illualrafed, price I3J. 

** Taere is suAcieDE stated within, the limits oT this EreatiK to pnveat a lito 

ftoB goujg bt wrong in any of hii operatioo.'i, . . . The auttoi his hadjci 

perunal eipetiesce, and his epiuloiis. ate entitled to every Rfpeu."—(7i(m(r. 

Horton's Underwood and Woodland Tables. 

TABLES FOR PLANTING AND VALUING UKDE 
WOOD AND NflOODl.A.lSTl ■. aiw Uneal. Superfdal, CnMc 
Wages, Markeling, an4 CeraaeX T*a\o, "^«aeOi\wiissh.Tib 
for Converting Laad-raeas™! l«m. or* tewsiwiQS«ia'to«.« 
■nd fcislructions lox M.ea5™ms ^<m^ :^«^- ^*« 
^mioiM-ON. I2mo. 2J. sUoTva^ ta-Mv4 a.\«S.'o«- ^^_ 
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warfs Land Improveri Pockei-Book. 

THE LAND IMPROVERS' POCKET-BOOK OF FOR- 
MUL*;, TABLES, and MEMORANDA, reqmired in any Com- 
putation relaling to the Pcnnanent Imprcpvement of Landed Pro- 
Ky. By John EwaRT, Land Surveyor and Agricultural Engineer. 
_ «1 32mo, oblong, leather, gilt edges, wilh elastic band. Hi. 
L compondiarn Img required by IhdJ surveyojs, aEticultuia] cogiDHiK, &£."*- 
t k idminibly calculated to Kivc Ihe purpose for which it was iatended."'— 

ttdson's Tables /or Land Valuers. 

THE LAND VALUER'S BEST ASSISTANT: bring Tables, 
on a very much improved Plan, for Calculating 4e Value of 
Estates. To which are added, Tables for reducing Scotcli, Irish, 
and PrDvincial Customaiy Acies to Statute Measure ; also, Tables 
of Sqoare Measure, and of tbe varnoDS Dimensions of an Acre in 
Perohes and Yards, by which tbe Contents of any Plot of Ground 
may be ascertained without the expense of a regular Survey ; £c. 
By R. Hddson, C.E. New Edition, royal 32010. obloi^, leather. 



mplete Agricultural Surv^ori Pocket-Book.. 

THE LAND VALUER'S AND LAND IMPROVER'S COM- 
PLETE POCKET-BOOK ; coniistiBg of the above two worits 
bound tcgether, leather, gilt edges, with strap, ^s. &/. 

ilg- Thi abme forms ait une^ialled and most ampmdms Peckrt 
Vide-msalm fcr the Land Agtn! and Agrifiiltural Enginar. 
We cnsids Hudsm's bodk to be Ihe l>esl rmdv-reckaner da mitttas rdat^ne to 
' on of land and crop< we lave em Hen. and iU combination with Mr, 

. . useful at a m^uuial for tefoeitce to thnsc Lor whom it is mtcnded."— 
a qf EHgland Farmtr. 

ouse Property. 

' HANDBOOK OF HOUSE PROPERTY : a Popular and Prac- 
tical Gnide to the Purchase, Mortgage, Tenancy, and Compulsory 
. Sale of Houses and Land ; including the Law of Dilapidations and 
FiztnrcB; with Explanations and Examples of all kinds cf Valua- 
'tiMis,andusefiilInroTmBtionandAdviceon Building. By Edward 
Lance TAHBUrK, Architect and Surveyor. i2mo, 5f. cloth boards. 

"■ : ^ai to be able 10 reconlinend it."— fl=<Vrff. 

vii Bum's Introduction to Farming. 

THE LESSONS of MY FARM : a Book for Amateur Agrieol- 
, tuxists, being an Introduction to Farm Practice, in tbe Cultnre of 
Crops, the Feeding of Cattle, Management of the Dairy, Poultry, 
and Pigs, and in the Keeping of Farm-work Records. By Robert 
Scott BuBK. With numerous lllustiatio'na. toj, («. OvtJSo.. 
Araoat EODpkle iatroductuni (0 tbe whci\cnva^ ot \uwiv% ^i^^^*^*'^ — ^oVn 
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^' A Complete EpUame of the Laws of th^^ 
Country." 

EVERY MAN'S OWN LAWYER ; a Handy-Book of the Pria 

ciples of 1-^w and Equity. By A BARKiSTeK. izlh EditiaiJ 
Cttiefolly revised, including a Summary o£ The Building Scicietia 
Act, The Infants' Relief Act, The Married Women's Property Ac| 
The Real Property Limitation Act. The Betting Act, "" "----* 
Manufacture Act, a Sumaary of the Snprarae Court o 
Act, &c., &c. With Notes and References to the Aulhoriticd 
l2mo, price dr. id. (saved st every consultation), sUongly bound.1 1 



r EXCHANCB— CONTIUCTS AND AcREEHIllTS— CamUGS 
OROt— Ei.ECT10N3>H0RbGI5T11*TI0K— IHSORABCI-'— •' 



1 Appi ■ 

ndWife-Eitcutoraaod ■Iru! 
d Wflfd— Mjimed Women nnd In&nu — Parin«s and Agent 



id. Servant— Woriunen and An>iiniliui— EeiiA 
iuad and Wife- Ejtecutors and TruMeet— Guanl' 
nnd In&hU — PamiHS and Agents — Loider i 
Creditoi — Purdu&er and Vendor — Coaipanic!! ami A; 



ciUians — FiitndW Soci^DS — Oe rgymo^CStirchwardeni — Medical Praf 

ODd Gam^ccpon — FarTien and Horae-Dcalcn — Auctioneen, Hn 
InnkecvcFS, &c, — Pawnbrokers — Survcywt — Raflwaya and Carrien 

*' II is a camplcrc code of Englbh Law, wriiicn io plum lan^a^e ^ 
underabiDd . . . should be in ihe hands of every huanea m a n , and uU 
aboliih Lrnrer!' bill.."— M-irfi- Tima. 

•• A uaeful and condse epilome of He la».*— iaw Magiainr. 

"WbaEilprofe&oe&labe— n complete tpElomecf the lawsof this country, thoroi 
inteUigible In non-pcofes^unal iatAcr^"—BilCs Lift. 

Auctioneer's Assistant. 

THE APPRAISER, AUCTIONEER, BROKER, HOU! 
AND ESTATE AGENT, AND VALUER'S POCKET Al 
SISTANT.for the Valuation for Purchase, Sale, or Renew^^ 
Leases, Annuities, and Reversions, and of property genera" 
with Prices for Inventories, &c Bv JOHN Whebleii, Vainer, 
Third Edition, enlarged, by C NoRRis. Royal 38rao, cloth, 5 
"A neat and concise boulc of reference, containing, an adpinble and clad 
-value t£ fnmiluie, he'— Standard. 

Pawnbrokers Leg-al Guide. 

THE PAWNBROKERS', FACTORS', and MERCHANT 
GUIDE to the LAW of LOANS and PLEDGES. Wjlh ' 
Statutes and a Digest ol Cases on Rights and Liabilities, Civil : 
Criminal, a; to Loans and Pledges of Goods, Debentures, Mercai 
tile, and other Securities. By H. C. FoLKAKD, Esq., of Uncolll 
Inn, Barrislcr.at-Law, Author of the "Lawof Slander and Lihd 
&c. izmo, cloth boards, price ^!. 

The Laws of Mines and Mining Companies. 

A PRACTICAL TREATISE on the LAW RELATING 
MINES and MINING COMPANIES. By Writton Aro 
SELL, Attoiney.aV-lA*. CtQim^io. a,s. cloth. 



